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[57] ABSTRACT 

Methods, compounds and compositions are provided 

form inhibiting the growth of pathogenic mycobacteria 

in vitro and of treatment of pathogenic mycobacterial 

infections in vivo using indolo[2,l-b]quinazoline-6,12- 

dione compounds of the formula (I): 

R^o ^R 9 (I) 




wherein A, B, C, D, E, F, G and H are independently 
selected from carbon and nitrogen, or A and B or C and 
D can be taken together to be nitrogen or sulfur, and the 
pharmaceutically acceptable salts thereof. The meth- 
ods, compounds and compositons are particularly use- 
ful for inhibiting the growth of Mycobacterium tubercu- 
losis, and may be used alone, or in combination with 
other anti-Mycobacterium tuberculosis agents, such as 
isoniazid, rifampin, pyrazinamide, rifabutin, streptomy- 
cin and ciprofloxacin, to provide new agents for the 
treatment of tuberculosis, including multidrug-resistant 
tuberculosis (MDRTB). 

19 Claims, 3 Drawing Sheets 
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drugs for a minimum of six months. There is a common 
INDOLO[2,l-BIQUINAZOLINE-6,12-DIONE tendency among TB patients to stop taking their drugs 

ANTIBACTERIAL COMPOUNDS AND METHODS - when the drugs begin to have their beneficial effect or 
OF USE THEREOF to take the medications only intermittently. When this 

5 happens, relapses are frequent and very often are caused 
FIELD OF THE INVENTION by drug-resistant tubercle bacilli that have survived the 

The present invention relates to new indolo[2,l- initial course of treatment. The emergence of drug- 
b]quinazoline-6,12-dione derivatives which are useful in resistant M. tuberculosis is in many ways an index of 
killing mycobacteria, to antimicrobial compositions individual compliance with antituberculosis chemother- 
containing the compounds and to the use of the com- 10 apy and of the inability of the health care infrastructure 
pounds and compositions, alone or in combination with to ensure adequate treatment. Many public health agen- 
other antimicrobial agents, in the treatment of patho- cies that once could play key roles in this process have 
genie mycobacterial infections. had their budgets cut drastically in recent years and 

BACKGROUND OF THE INVENTION u '^^S^^lS" ,nd . 

After a decline in rates of infection over several dec- majority of patients do not respond to therapy. Total 

ades, a disturbing increase in the incidence of tuberculo- treatment costs for an individual with MDRTB can be 

sis (TB) is occurring. Because TB is highly contagious it as much as ten times the cost of traditional treatment; 

poses a profound threat to public health. TB bacteria the cost of the treatment drugs alone can be as much as 

are easily passed from person to person in airborne 20 21 times as great. 

droplets formed when a person with active TB sneezes The preferred treatment for classical TB consists of 

or coughs. isoniazid, rifampin, and pyrazinamide. For patients 

Even more alarming has been the rise of multidrug- whose tubercle bacilli are thought to be resis tant to 

resistant tuberculosis (MDRTB). Prior to 1984, about isoniazidj a fourth dru& ethambutol; is CO mmonly 

10 percent of TB bacteria isolated from patients in the 25 added tQ ^ en ^ susce tibilit results are 
United States were resistant to even a single antibacte- Isolates oUubercle bacilli resistant t0 both isoni . 

na \L J' a f ' 2 H C / P f 1 ft and rifam P in > now representing about 20 percent in 

with Mycobacterium tuberculosis (also referred to as cnma - t - „„, • 4 „„,„ M+ „,;*i, „jj: 

tubercle bacilli) resistant to at least one drug, and 32 f" 16 . Cltl *V r , equ,re s P ec ' ahzed *eatment with addi- 

percent were resistant to one or more drugs. Outbreaks 30 t.onal medications which may include streptomycin 

of MDRTB have been reported in 13 states. Ten per- and c.profloxacn for almost two years, 

cent of the recorded MDRTB cases to date have oc- ™ e tubercle b ° ctUus ,s * dow-grovnag organism, 

curred in previously healthy people whose mortality T hre ^. to are needed to S row the bacteria in 

rate-70 to 90 percent— has been nearly the same as that the clmical laboratory, and an additional three to Six 

of immunosuppressed persons with MDRTB (Snider 35 we< * s «« need f d to screen for antibiotic resistance, 

and Roper 1992) Sucl1 extended laboratory procedures can result in a 

The United States Centers for Disease Control delay in diagnosis, which means that patients with un- 

(CDC) has released preliminary results of a joint study recognized drug-resistant TB may be treated meffec- 

with the New York State Health Department showing tivel y and remaln infectious for a longer period. In 

that cases of drug-resistant TB have more than doubled 40 HIV-positive individuals, MDRTB usually causes 

since 1984. CDC data from the first quarter of 1991 death within 4 to 16 weeks after being diagnosed, which 

show that many of these drug-resistant strains are resis- is often before laboratory tests on drug susceptibility 

tant to both of the frontline TB drugs, rifampin and and resistance can be completed. 

isoniazid. Outbreaks of MDRTB have occurred in hos- There is no evidence that mutation rates in M. tuber- 

pitals in Miami and New York City, as well as in the 45 culosis organisms have increased or that increased viru- 

New York State prison system. In one hospital in New knee is to blame for the recent deadly outbreaks of TB. 

York City, the median interval between diagnosis of 11 is likely that drug-resistant forms of tuberculosis arose 

MDRTB and death was only four weeks. Additional because of patient noncompliance with the 6- to 12- 

clusters of MDRTB were reported to the CDC in 1990 month regimen of antibiotics required to treat TB. Inef- 

and 1991 from Mississippi, Missouri, and Michigan. 50 fective treatment regimens also play a role in the rising 

There are five frontline drugs known to be highly incidence of TB. To address noncompliance, some 
effective against Mycobacterium tuberculosis and five states with high TB rates are considering approaches to 
second-line drugs that can be used when resistance to outreach, such as expanding directly observed therapy 
one or more of the frontline drugs is detected. Ironi- (DOT); others may reestablish inpatient facilities similar 
cally, in the United States, until April 1992, there were 55 to the TB sanatoria of the first half of this century, 
shortages of antituberculosis drugs, some of which are Standard treatment regimens for TB have also been 
crucially needed when resistance to the frontline drugs updated. Instead of taking two or three antibiotics, TB 
rifampin and isoniazid is present. These shortages had patients now take four. Still, as noted earlier, the cur- 
occurred because several pharmaceutical companies rent shortages of antituberculosis drugs in the United 
had ceased production of these drugs. 60 States have made even standard treatment difficult. 

Because of its persistence in the body, the tubercle Tryptanthrin (indolo-[2,l-b]quinazolin-6,12-dione) is 

bacillus is a notoriously difficult pathogen to control. a material that is produced naturally in some plant spe- 

Although bacille Calmette-Guerin (BCG) vaccine pro- cies, and has been produced synthetically by a base 

tects against severe tuberculosis meningitis and dissemi- catalyzed condensation of isatin and isatoic anhydride 

nated TB in children, its efficacy against pulmonary TB 65 (L. A. Mitscher et al., "Antimicrobial Agents From 

in adults has varied widely in different parts of the Higher Plants. New Synthesis and Bioactivity of Tryp- 

world. Treatment of conventional TB is effective, but tanthrin (Indolo-[2,l-b]-quinazolin-6,12-dione) and its 

expensive, requiring daily treatment with multiple Analogs," Heterocycles 15(2):1017-1021 (1981)). Tryp- 




tanthrin and some of its analogs have been shown to 
exhibit some antimicrobial activity against various bac- 
terial and yeast species, including Staphylococcus aureus, 
Klebsiella pneumoniae, nonpathogenic Mycobacterium 
smegmatis and Candida albicans, although activity has 5 
been found to be highly variable depending on individ- 
ual species and substitution of the parent compound (see 
Mitscher et al., supra). To date, however, there has been 
no indication in the prior art that tryptanthrin exhibits 
antimicrobial activity against pathogenic mycobacteria, 10 
that various derivatives of this compound may exhibit 
enhanced activity, or that various derivatives may be 
highly useful in the treatment of MDRTB. 

SUMMARY OF THE INVENTION , 5 

It has now been surprisingly discovered that patho- 
genic mycobacteria can be controlled in vitro or in vivo 
by certain indolo[2,l-b]quinazoline-6,12-dione deriva- 
tives. Accordingly, the present invention provides 
methods of inhibiting the growth of pathogenic myco- 20 
bacteria in vitro and of treatment of pathogenic myco- 
bacterial infections in vivo using indolo[2,l-b]quinazo- 
line-6,12-dione compounds of the formula (I): 



(i) 1 



wherein A, B, C, D, E, F, G and H are independently 35 
selected from carbon and nitrogen, or A and B and/or 
C and D can be taken together to be sulfur, oxygen or 
nitrogen with the proviso that not more than three of A, 
B, C, D, E, F, G and H are other than carbon; 

wherein Ri through R4, Rs and Rio are independently 40 
selected from the group consisting of hydrogen, halo- 
gen, loweralkyl, cycloalkyl, heterocycle, substituted 
heterocycle, amino, imino, haloloweralkyl, alkoxy, ni- 
tro, alkylsulfonyl, arylalkyl, arylalkylaryl, arylaryl, 
aryloxy, arylamino, acylamino, acyloxyamino, al- 45 
kylaminoacylamino, alkylaminosulfonylamino, alkyl- 
amino, alkenylamino, dialkylamino, alkoxyalkylamino, 
alkoxyalkylheterocycle, mercaptoalkoxyalkyl, cyano, 
formyl, — COORn where Rn is hydrogen, loweralkyl, 
aryl, heterocycle, monosaccharide or disaccharide, and 50 
— COONR12R13 where R12 and R13 are independently 
selected from hydrogen, loweralkyl, aryl, heterocycle, 
saccharide, peptide and amino acid residues; 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, haloloweralkyl, cycloalkyl, het- 55 
erocycle, substituted heterocycle and heterocyclicalkyl; 

and the pharmaceutically acceptable salts thereof. 

Presently particularly preferred and novel com- 
pounds of the invention are provided by the compounds 
of formula (I) having a backbone structure wherein D is 60 
nitrogen, and A-C and E-H are carbon. 

In a presently preferred embodiment for the treat- 
ment of tuberculosis, the methods and compounds of 
the invention may be employed alone, or in combina- 
tion with other axAi-Mycobacterium tuberculosis agents, 65 
such as isoniazid, rifampin, pyrazinamide, rifabutin, 
streptomycin and ciprofloxacin, to provide new agents 
for the treatment of tuberculosis, including MDRTB. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and many of the attendant 
advantages of this invention will become more readily 
appreciated as the same becomes better understood by 
reference to the following detailed description, when 
taken in conjunction with the accompanying drawings, 
wherein: 

In the accompanying drawings: 

FIG. 1 is a schematic representation of alternative 
synthesis pathways of intermediate isatin and isatoic 
anhydride compounds of the invention; 

FIG. 2 is a schematic representation of alternative 
synthesis pathways of the indolo[2,l-b]quinazoline-6,12- 
dione compounds of the invention; and 

FIG. 3 is a schematic representation of an alternative 
synthesis pathway of compounds of the invention. 



In accordance with the present invention, methods 
are provided for control of pathogenic mycobacteria, 
either in vitro or in vivo. Thus, in one aspect the present 
invention provides a method of inhibiting the growth of 
Mycobacterium sp. in vitro comprising contacting the 
Mycobacterium sp. with a growth inhibitory amount of a 
indolo[2,l-b]quinazoline-6,12-dione compound of the 
formula (I): 

Rio R9 (I) 



Yd/" 



wherein A, B, C, D, E, F, G and H are independently 
selected from carbon and nitrogen, or A and B or C and 
D can be taken together to be nitrogen or sulfur, with 
the proviso that not more than three of A, B, C, D, R, 
F, G and H are other than carbon; 

Ri through R4, Rs and Rio are independently selected 
from the group consisting of hydrogen, halogen, lower- 
alkyl, cycloalkyl, heterocycle, substituted heterocycle, 
amino, imino, haloloweralkyl, alkoxy, nitro, alkylsulfo- 
nyl, arylalkyl, arylalkylaryl, arylaryl, aryloxy, 
arylamino, acylamino, acyloxyamino, al- 
kylaminoacylamino, alkylaminosulfonylamino, alkyl- 
amino, alkenylamino, dialkylamino, alkoxyalkylamino, 
alkoxyalkylheterocycle, mercaptoalkoxyalkyl, cyano, 
formyl, — COORn where Rn is hydrogen, loweralkyl, 
aryl, heterocycle, monosaccharide or disaccharide, and 
— COONR12R13 where R12 and R13 are independently 
selected from hydrogen, loweralkyl, aryl, heterocycle, 
saccharide, peptide and amino acid residues; and 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, haloloweralkyl, cycloalkyl, het- 
erocycle, substituted heterocycle and heterocyclicalkyl; 

or Ri through Rio are absent when the ring atom to 
which they would otherwise be bonded is sulfur or 
double-bonded nitrogen; 

and the pharmaceutically acceptable salts thereof. 

In another aspect, the present invention provides 
methods of treating human or animal subjects suffering 
from a pathogenic mycobacterial infection, e.g., tuber- 
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culosis, whether of sensitive-strain or multi-drug resis- The term "alkenyl" as used herein refers to a 
tant strain (MDRTB) origin. Thus, the present inven- branched or straight chain groups comprising two to 
tion provides a method of treating a human or animal twenty carbon atoms which also comprises one or more 
subject in need of such treatment comprising adminis- carbon-carbon double bonds. Representative alkenyl 
tering to the subject a therapeutically effective amount 5 groups include 2-propenyl (i.e., allyl), 3-methyl-2-bute- 
of a indolo[2,l-b]quinazoline-6,12-dione compound of nyl, 3,7-dimethyl-2,6-octadienyl, 4,8-dimethyl-3,7-nona- 
formula (I), above, either alone or in combination with dienyl, 3,7,ll-trimethyl-2,6,10-dodecatrienyl and the 
other antibacterial or antifungal agents. like. 

In another aspect, the present invention provides new The term "alkynyl" as used herein refers to a 
antimicrobial indolo[2,l-b]quinazoline-6,12-dione com- 10 branched or straight chain comprising two to twenty 
pounds of the formula: carbon atoms which also comprises one or more car- 

bon-carbon triple bonds. Representative alkynyl groups 
include ethynyl, 2-propynyl (propargyl), 1-propynyl 
and the like. 

15 The term "aryl" as used herein refers to a phenyl or 
a Cg- or ClO-bicyclic carbocyclic ring system having 
one or more aromatic rings, including naphthyl, tet- 
rahydronaphthyl, indanyl, indenyl and the like. Aryl 
groups can be unsubstituted or substituted with one, 
two or three substituents independently selected from 
loweralkyl, haloalkyl, alkoxy and halo. 

i. - *o/^T>r-T=-^ jtt • j i The term "arylalkyl" as used herein refers to a lower- 
wherein A, B, C, D, E, F, G and H are independently „ , ,. , ^ ,. , ■ , _ 
selected from carbon and ntoogen, or A and B or C and alkyl f rad,cal t0 ^f 15 a PP ende ? f aryl S™P- 
D can be taken together to be nitrogen or sulfur, with 25 ^ i * T ^ * i ^ ^ , n ^ 
the proviso that at least one of A, B, C, D, E, F, G and ^thy hydroxybenzyl, fluorobenzyl, fluorophenylethyl 
H must be other than carbon; andthe like 

wherein Rl through R*, R 8 and R 10 are independently ™! arylalkylaryl as used herem refers to an 

selected from the group consisting of hydrogen, halo- ^ S™P as previously defined appended to an 

gen, loweralkyl, cycloalkyl, heterocycle, substituted 30 fyl group- Representative arylalkylaryl groups mclude 

heterocycle, amino, imino, haloloweralkyl, alkoxy, ni- 4-benzylphenyl, 3-benzylphenyl, 4-phenethylphenyl 

tro, alkylsulfonyl, arylalkyl, arylalkylaryl, arylaryl, an ± the 1,ke - , „, , , . „ 

aryloxy, arylamino, acylamino, acyloxyamino, al- The term arylaryl as used herem refers to an aryl 

kylaminoacylamino, alkylaminosulfonylamino, alkyl- S"»P as Previously defined which is appended to an 

amino, alkenylamino, dialkylamino, alkoxyalkylamino, 35 group. Representative arylaryl groups include bi- 

alkoxyalkylheterocycle, mercaptoalkoxyalkyl, cyano, P^yl, 4-(l-naphthyl)phenyl, 4-(2-naphthyl)phenyl and 

formyl, — COORi i where Ri i is hydrogen, loweralkyl, tne like - 

aryl, heterocycle, monosaccharide or disaccharide, and The term "aryloxy" as used herein refers to RO— 

-COONR 12 Ri3 where R t2 and Ri 3 are independently wherein R is an aryl group. Representative arylalkoxy 

selected from hydrogen, loweralkyl, aryl, heterocycle, 40 g rou P delude benzyloxy, phenylethoxy and the like, 

saccharide, peptide and amino acid residues; The term "arylalkoxy" as used herein refers to a 

R 7 and R 9 are independently selected from hydrogen, lower alkoxy radical to which is appended an aryl 

halogen, loweralkyl, haloloweralkyl, cycloalkyl, het- group. Representative arylalkoxy group include ben- 

erocycle, substituted heterocycle and heterocyclicalkyl; zyloxy, phenylethoxy and the like. 

or Ri through Rio are absent when the ring atom to 45 The term "aryloxyaryl" as used herein refers to an 

which they would otherwise be bonded is sulfur or aryl radical to which is appended an aryloxy group, 

double-bonded nitrogen; Representative aryloxyaryl groups include 4-phenox- 

and the pharmaceutically acceptable salts thereof. yphenyl, 3-phenoxyphenyl, 4-phenoxy-l -naphthyl, 3- 

As used above and elsewhere herein the following phenoxy-1 -naphthyl and the like, 

terms have the meanings defined below. 50 The term "aryloxyarylalkyl" as used herein refers to 

The term "pathogenic mycobacteria" refers to myco- an arylalkyl radical to which is appended an aryloxy 

bacterial organisms which do not normally reside in a group. Representative aryloxyarylalkyl groups include 

human or animal host, and which are capable of causing 4-phenoxyphenylmethyl, 3-phenoxyphenylmethyl, 4- 

a disease state in the host. Representative examples of phenoxyphenylethyl, 3-phenoxyphenylethyl and the 

pathogenic mycobacteria include, for example, Myco- 55 like. 

bacteria tuberculosis, Mycobacteria leprae, Mycobacteria The term "arylalkoxyaryl" as used herein refers to an 

avium complex, and the like, including multidrug-resist- aryl radical to which is appended an arylalkoxy group, 

ant M. tuberculosis strains. Representative arylalkoxyaryl groups include 4-ben- 

The term "acylamino" means an acyl (CO — ) radical zyloxylphenyl, 3-benzyloxyphenyl and the like, 

to which an amino group is appended. 60 The term "arylalkoxyarylalkyl" as used herein refers 

The term "loweralkyl" as used herein refers to to an arylalkyl radical to which is appended an arylalk- 

branched or straight chain alkyl groups comprising one oxy group. Representative arylalkoxyarylalkyl groups 

to ten carbon atoms, including, e.g., methyl, ethyl, pro- include 4-benzyloxylbenzyl, 3-benzyloxybenzyl and the 

pyl, isopropyl, n-butyl, t-butyl, neopentyl and the like. like. 

The term "alkoxy" as used herein refers to RO — 65 The term "cycloalkyl" as used herein refers to an 

wherein R is loweralkyl as defined above. Representa- alicyclic group comprising from 3 to 7 carbon atoms 

tive examples of lower alkoxy groups include methoxy, including, but not limited to, cyclopropyl, cyclobutyl, 

ethoxy, t-butoxy and the like. cyclopentyl, cyclohexyl and the like. 



The term "cycloalkylalkyl" as used herein refers to a 
loweralkyl radical to which is appended a cycloalkyl 
group. Representative examples of cycloalkylalkyl in- 
clude cyclopropylmethyl, cyclohexylmethyl, 2-(cyclo- 
propyl)ethyl and the like. 5 . 

The term "halogen" or "halo" as used herein refers to 
iodo, bromo, chloro or fluoro. 

The term "haloalkyl" as used herein refers to a lower 
alkyl radical, as defined above, bearing at least one 10 
halogen substituent, for example, chloromethyl, fluoro- 
ethyl or trifluoromethyl and the like. 

The term "heterocycle" as used herein refers to an 
aromatic ring system composed of 5 or 6 atoms selected 
from the heteroatoms nitrogen, oxygen, and sulfur. The 15 
heterocycle maybe composed of one or more heteroat- 
oms that are either directly connected such as pyrazole 
or connected through carbon such as pyrimidine. Het- 
erocycles can be substituted or unsubstituted with one, ^ 
two or three substituents independently selected from 
amino, alkylamino, halogen, alkyl acylamino, loweral- 
kyl aryl, alkoxy. 

The term "substituted heterocycle" or "heterocyclic 
group" or heterocycle as used herein refers to any 3- or 25 
4-membered ring containing a heteroatom selected from 
nitrogen, oxygen, and sulfur or a 5- or 6-membered ring 
containing from one to three heteroatoms selected from 
the group consisting of nitrogen, oxygen, or sulfur; 
wherein the 5-membered ring has 0-2 double bounds 30 
and the 6-membered ring has 0-3 double bounds; 
wherein the nitrogen and sulfur atom maybe optionally 
oxidized; wherein the nitrogen and sulfur heteroatoms 
maybe optionally quarternized; and including any bicy- 
clic group in which any of the above heterocyclic rings 
is fused to a benzene ring or another 5- or 6-membered 
heterocyclic ring independently defined above. Hetero- 
cyclics in which nitrogen is the heteroatom are pre- 
ferred. Fully saturated heterocyclics are also preferred. 40 
Preferred heterocycles include: diazapinyl, pyrryl, pyr- 
rolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidi- 
nyl, imidazoyl, imidazolinyl, imidazolidinyl, pyridyl, 
piperidinyl, pyrazinyl, piperazinyl, N-methyl piperazi- 
nyl, azetidinyl, N-methylazetidinyl, pyrimidinyl, 45 
pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, 
isoazolidinyl, morpholinyl, thiazolyl, thiazolidinyl, iso- 
thiazolyl, isothiazolidinyl, indolyl, quinolinyl, 
isoquinolinyl, benzimidazolyl, benzothiazolyl, benzox- 
s azolyl, furyl, thienyl, triazolyl and benzothienyl. 50 

Heterocyclics can be unsubstituted or monosubstitu- 
ted or disubstituted with substituents independently 
selected from hydroxy, halo, oxo (C=0), alkylimino 
(RN==, wherein R is a loweralkyl group), amino, alkyl- 55 
amino, dialkylamino, acylaminoalkyl, alkoxy, thioalk- 
oxy, polyalkoxy, loweralkyl, cycloalkyl or haloalkyl. 
The most preferred heterocyclics include imidazolyl, 
pyridyl, piperazinyl, azetidinyl, thiazolyl, triazolyl and 
the following: 60 




^0 



NHCOCH3 



The compounds of the invention comprise asymmet- 
rically substituted carbon atoms. Such asymmetrically 
substituted carbon atoms can result in the compounds of 
the invention comprising mixtures of stereoisomers at a 
particular asymmetrically substituted carbon atom or a 
single stereoisomer. As a result, racemic mixtures, mix- 
tures of diastereomers, as well as single diastereomers of 
the compounds of the invention are included in the 
present invention. The terms "S" and "R" configura- 
tion, as used herein, are as defined by the IUPAC 1974 
Recommendations for Section E, Fundamental Stereo- 
chemistry, PureAppl. Chem. (1976)45, 13-30. The terms 
a and /J are employed for ring positions of cyclic com- 
pounds. The a-side of the reference plane is that side on 
which the preferred substituent lies at the lowered num- 
bered position. Those substituents lying on the opposite 
side of the reference plane are assigned & descriptor. It 
should be noted that this usage differs from that for 
cyclic stereoparents, in which "a" means "below the 
plane" and denotes absolute configuration. The terms a 
and yS configuration, as used herein, are as defined by 
the Chemical Abstracts Index Guide— Appendix IV 
(1987) paragraph 203. 

Preferred compounds of the invention include com- 
pounds of the formula (II): 

(ID 




•N N- 

M 



wherein D is carbon or nitrogen; 

Ri through R4, Rs and Rio are independently selected 
from the group consisting of hydrogen, loweralkyl, 
65 heterocycle, substituted heterocycle, amino, halogen, 
nitro, alkylamino, dialkylamino, alkoxyalkylamino, and 
alkylheterocycle, provided that R4 is absent when D is 




5,441,955 

9 10 

R.7 and R9 are independently selected from hydrogen, room temperature gave the anilino esters 4. Esters 4 
halogen, loweralkyl, cycloalkyl, heterocycle, substi- were not isolated but were cyclized to the oxindoles 5 
tuted heterocycle and heterocyclicalkyl; ming aque0 us hydrochloric acid. Oxindoles 5 were 

and the pharmaceutical^ acceptable salts thereof. converted to isatins 3 by oxidation with N-chlorosuc- 

Even more preferred compounds of the invention 5 cinimide and mercuric oxide. A third method for the 
include compounds of the formula (III): . synthesis of isa{ins 3 involves tfae metalation of t . 

butyloxycarbonylanilines 6 with alkyllithium reagents 
OH) (f or example, n-butyllithium, sec-butyllithium, tert- 
butyllithium) in an inert and dry solvent such as tetrahy- 
10 drofuran (THF), dimefhoxyefhane (DME), dioxane and 
the like. The resultant dianion is reacted with esters or 
amides of oxalic acid (for example, diethyl oxalate, 
ethyl oxalochloride, N-methyl, N-methoxy oxalamide, 
the half ester/amide, ethyl N-methyl, N-methoxy oxala- 
0 mide) in the presence of a Lewis acid such as magne- 

, , „ „ , „ ., , sium bromide, boron trifluoride, copper (I) iodide and 

wherem R, through R 3 , Rg and Rio are independently the ^ tQ ^ ve the al ha ketoester 7 . Deprotect i on of 
selected from the group consisting of hydrogen, lower- the Boc d lization t0 isatins 3 is accom . 

alkyl, heterocycle, substituted heterocycle, amino, halo- ,. . . • Vr~, ; ■„ ... . 

gen, nitro, alkylamino, dialkylamino, alkoxyalkylamino, 20 P hs ?f d usln S Ha or tnfluoroacetic acid in me hanol, 
and alkylheterocycle- dichloromethane, dioxane, diethyl ether and the like. A 

R 7 and R 9 are independently selected from hydrogen, four * ">* fmal method , { * * e , Preparation of isatins 3 
halogen, loweralkyl, cycloalkyl, heterocycle, substi- mv ° Ives the reactlon of isat0lc anhydndes 10b 

tuted heterocycle and heterocyclicalkyl; wlth Potassium cyanide according to the procedure of 

and the pharmaceutical^ acceptable salts thereof. 25 G - Coppola /. Heterocyclic Chem. 7:827 and 1501 (1979). 
The presently most preferred compounds of the in- The resulting N-allylisatins are reacted with palladium 
vention include compounds of the formula (IV): (O) then aqueous acid to give isatins 3. The required 

N-allyl isatoic anhydrides are prepared by reaction of 
( IV ) isatoic anhydrides 10a with strong bases (for example, 
30 sodium hydride, potassium hydride or t-butoxide, lith- 
ium diisopropylamide and the like) in an inert solvent 
such as tetrahydrofuran, dimethylformamide, N- 
methylpyrrolidinone with allyl bromide at low temper- 
ature (for example, —50° C. to ambient temperature). 
35 Isatoic anhydrides are prepared from either 2-aminocar- 
boxylic acid derivatives 8 or isatins 3 (see G. Coppola, 
Synthesis 505-536, 1980, and references cited therein), 
wherein R2, R3> Rs and Rio are independently se- Referring now to FIG. 2, Scheme II illustrates the 
lected from the group consisting of hydrogen, halogen, preparation of indolo[2,l-b]quinazoline derivatives 
loweralkyl, heterocycle, and substituted heterocycle; 40 from substituted isatin 3. Reaction of isatin 3 with a 
R7 and R9 are independently selected from hydrogen strong base such as sodium hydride, potassium hydride 
and halogen; or t-butoxide, l,8-diaza[5,4,l]bicycloundec-7-ene 

and the pharmaceutically acceptable salts thereof. (DBU) and the like in an inert solvent (for example, 

The present invention also relates to the processes for tetrahydrofuran, dimethylformamide, N-methylpyr- 
preparing the compounds of the invention and to the 45 rolidinone or pyridine) and isatoic anhydride 10a in 
synthetic intermediates useful in such processes, as de- dimethylaminopyridine (DMAP) gives the indolo[2,l- 
scribed in detail below. bjquinazoline derivatives 12. A second synthesis of the 

In yet a further aspect of the present mvention, phar- indoloquinazolines 12 was accomplished by reaction of 
maceutical compositions are provided which comprise isatins 3 with 2 -aminobenzoic acids or 2-aminopyridi- 
a compound of the present invention in combination 50 dine carboxyJic acids with a tjde coupling reagent) 
with a pharmaceutically acceptable earner. such as hydroxy benzotriazole (HOBT)/dicyclohexyl- 

In general, the compounds of the invention can be carbodiimide ^cq or 2-[lH-benzotriazole-l-yl]- 
^T^ TT^^rTTTT^T^i ln h TL 1,1,3,3,-tetramethyluronium hexaflurorphosphate 
^^•ftSiSffiS^iSSS?^ 55 C=™, and the like. The peptide coupling reaction 
prepared by four methods. The first method involves 7** c ^ d <f <=d lna P°^^°" c (f°r exam- 

reaction of substituted anilines with hydroxyzine and fif ' 1? ethyl [° r ? a, f 1 N^yJPy" 011 '? 0116 
chloral hydrate in aqueous hydrochloric acid according ^ M ^' tetrahydrofuran (THF) with a base such as 
to the procedure of T. Sandmeyer et al., Heh. Chim. l,8-diaza[5,4,l)bicycloundec-7-ene (DBU), pyridine, 
Acta. 2:234 (1919) and C. S. Marvel et al., Org. Syn. Coll 60 N-mefhylmorphohne and the like. A third synthesis of 
1:327 (1941) to give the anilides 2. Cyclization of ani- compounds 12 may be obtained by the reaction of isa- 
lides 2 to isatins 3 is effected by treating compound 2 in tins 3 with iminoyl chlorides 11. Reaction of isatins 3 
hot concentrated sulfuric acid. A second synthesis of with chlorinating reagent (for example, phosphorus 
isatins 3 from anilines 1 was accomplished using the pentachloride, phosphorus oxychloride, thionyl chlo- 
procedures of Gassman et al. J. Org. Chem., 42:1344 65 ride, oxalyl chloride and the like) give the isatin iminoyl 
(1977). Thus, reaction of aniline 1 with t-butylhypo- chloride 11. Reaction of the iminoyl chloride 11 with 
chlorite at -70° C. followed by ethyl thiomethylace- the amino ester 9 in acetic acid, dichloroethane or tetra- 
tate, triethylamine and warming the reaction mixture to hydrofuran gives the indolo[2,l-b]quinazoline. 
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Referring now to FIG. 3, Scheme III illustrates two mary, secondary or tertiary amine. Pharmaceutical ac- 

alternative methods for the preparation of indolo[2,l- ceptable salts include, but are not limited to, cations 

b]quinazolines 12. The first method involves the reac- based on the alkali and alkaline earth metals, such as 

tion of ester 9 or acid 8 with either methylthioacetic sodium, lithium, potassium, calcium, magnesium, alumi- 

acid or l,3-dithiane-2-carboxylic acid and a coupling 5 num salts and the like, as well as nontoxic ammonium, 

reagent (for example, DCC/HOBT/DMAP, carbonyl- quaternary ammonium, and amine cations, including, 

diimidazole (CDI) and the like) to give the amides 13 but not limited to ammonium, tetramethylammbnium, 

and 14, respectively (R=H or ethyl). Amides 13 and 14 tetraethylammonium, methylamine, dimethylamine, 

are reacted with aniline 1 using the procedure described trimethylamine, triethylamine, ethylamine, and the like, 

previously to afford compounds 15 and 16. In the case 10 Other representative organic amines useful for the for- 

where R=ethyl, the ester is hydrolyzed using an alka- mation of base addition salts include diethylamine, eth- 

line bases such as sodium hydroxide, lithium hydroxide ylenediamine, ethanolamine, diethanolamine, pipera- 

in water, aqueous ethanol, dioxane or tetrahydrofuran zine and the like. 

and the like. The resulting amino acids 15 and 16 are The compounds of the invention are useful in vitro in 

cyclized to give the indolo[2,l-b]quinazoline skeleton 15 inhibiting the growth of pathogenic mycobacteria, and 

19 and 20 using the procedure described by A. Singh et in vivo in human and animal hosts for treating patho- 

al.Ind. J. Chem. 7:881-883 (1969) (dicyclocarbodiimide genie mycobacterial infections, including tuberculosis. 

(DCC) in benzene for 4-10 h at reflux temperature). The compounds may be used alone or in compositions 

The indolo[2,l-b]quinazoline derivatives 12 are ob- together with a pharmaceutically acceptable carrier, 

tained from 19 by oxidation with NCS/mercuric oxide 20 Total daily dose administered to a host in single or 

and from 20 by dithiane hydrolysis (for example, the divided doses may be in amounts, for example, from 

dithiane group is hydrolyzed using N-bromosuccini- 0.001 to 1000 mgAg body weight daily and more pre- 

mide (NBS) in aqueous acetone (see E. Cain et al. Tetra- ferred from 1.0 to 30 mg/kg body weight daily. Dosage 

hedron Lett. 1353 (1975)). Alternatively, amino ester 4a unit compositions may contain such amounts of submul- 

or 4b (R5=H, R6=SCH3 or R5=R6=S(CH2)3S, pre- 25 tiples thereof to make up the daily dose, 

pared from aniline 1 and ethyl methylthioacetate and The amount of active ingredient that may be com- 

ethyl l,3-dithiane-2-carboxylate, respectively) reacts bined with the carrier materials to produce a single 

with anhydride 10a using DMAP as a catalyst in an dosage form will vary depending upon the host treated 

inert solvent (for example, tetrahydrofuran, dimethyl- and the particular mode of administration, 

formamide, N-methylpyrrolidinone and pyridine) to 30 It will be understood, however, that the specific dose 

give the amides 17 and 18. The amino esters 17 and 18 level for any particular patient will depend upon a vari- 

are hydrolyzed as previously described to give the ety of factors including the activity of the specific com- 

amino acids which are cyclized to indolop, l-b]quinazo- pound employed, the age, body weight, general health, 

lines 19 and 20. , sex^ diet, time of administration, route of administration, 

The compounds of the present invention can be used 35 rate of excretion, drug combination, and the severity of 

in the form of salts derived from inorganic or organic the particular disease undergoing therapy, 

acids. These salts include but are not limited to the The compounds of the present invention may be 

following: acetate, adipate, alginate, citrate, aspartate, administered orally, parenterally, sublingually, by inha- 

benzoate, benzenesulfonate, bisulfate, butyrate, cam- lation spray, rectally, or topically in dosage unit formu- 

phorate, camphorsulfonate, digluconate, cyclopentane- 40 lations containing conventional nontoxic pharmaceuti- 

propionate, dodecylsulfate, ethanesulfonate, glucohep- cally acceptable carriers, adjuvants, and vehicles as 

tanoate, glycerophosphate, hemisulfate, heptanoate, desired. Topical administration may also involve the 

hexanoate, fumarate, hydrochloride, hydrobromide, use of transdermal administration such as transdermal 

hydroiodide, 2-hydroxyethanesulfonate, lactate, male- patches or ionophoresis devices. The term parenteral as 

ate, methanesulfonate, nicotinate, 2-napthalenesulfon- 45 used herein includes subcutaneous injections, intrave- 

ate, oxalate, pamoate, pectinate, persulfate, 3-phenylpr- nous, intramuscular, intrasternal injection, or infusion 

oionate, picrate, pivalate, propionate, succinate, tar- techniques. 

trate, thiocyanate, p-toluenesulfonate and undecanoate. Injectable preparations, for example, sterile injectable 
Also, the basic nitrogen-containing groups can be aqueous or oleagenous suspensions may be formulated 
quaternized with such agents as loweralkyl halides, 50 according to the known art using suitable dispersing or 
such as methyl, ethyl, propyl, and butyl chloride, bro- wetting agents and suspending agents. The sterile injec- 
mides, and iodides; dialkyl sulfates like dimethyl, di- table preparation may also be a sterile injectable solu- 
ethyl, dibutyl, and diamyl sulfates, long chain halides tion or suspension in a nontoxic parenterally acceptable 
such as decyl, lauryl, myristyl and stearyl chlorides, diluent or solvent, for example, as a solution in J- 
bromides and iodides, aralkyl halides like benzyl and 55 propanediol. Among the acceptable vehicles and sol- 
phenethyl bromides, and others. Water or oil-soluble or vents that may be employed are water, Ringer's solu- 
dispersible products are thereby obtained. tion, and isotonic sodium chloride solution. In addition, 
Examples of acids which may be employed to form sterile, fixed oils are conventionally employed as a sol- 
pharmaceutically acceptable acid addition salts include vent or suspending medium. For this purpose any bland 
such inorganic acids as hydrochloric acid, sulphuric 60 fixed oil may be employed including synthetic mono- or 
acid and phosphoric acid and such organic acids as di-glycerides. In addition, fatty acids such as oleic acid 
oxalic acid, maleic acid, succinic acid and citric acid. find use in the preparation of injectables. 
Basic addition salts can be prepared in situ during the Suppositories for rectal administration of the drug 
final isolation and purification of the compounds of can be prepared by mixing the drug with a suitable 
formula (I), or separately by reacting carboxylic acid 65 nonirritating excipient such as cocoa butter and poly- 
moieties with a suitable base such as the hydroxide, ethylene glycols which are solid at ordinary tempera- 
carbonate or bicarbonate of a pharmaceutical accept- tures but liquid at the rectal temperature and will there- 
able metal cation or with ammonia, or an organic pri- fore melt in the rectum and release the drug. 
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Solid dosage forms for oral administration may in- 
clude capsules, tablets, pills, powders, and granules. In 
such solid dosage forms, the active compound may be 
admixed with at least one inert diluent such as sucrose 
lactose or starch. Such dosage forms may also comprise, 5 
as is normal practice, additional substances other than 
inert diluents, e.g., lubricating agents such as magne- 
sium stearate. In the case of capsules, tablets, and pills, 
the dosage forms may also comprise buffering agents. 
Tablets and pills can additionally be prepared with 10 
enteric coatings. 

Liquid , dosage forms for oral administration may 
include pharmaceutically acceptable emulsions, solu- 
tions, suspensions, syrups, and elixirs containing inert 
diluents commonly used in the art, such as water. Such 15 
compositions may also comprise adjuvants, such as 
wetting agents, emulsifying and suspending agents, and 
sweetening, flavoring, and perfuming agents. 

The compounds of the present invention can also be 
administered in the form of liposomes. As is known in 20 
the art, liposomes are generally derived from phospho- 
lipids or other lipid substances. Liposomes are formed 
by mono- or multi-lamellar hydrated liquid crystals that 
are dispersed in an aqueous medium. Any nontoxic, 
physiologically acceptable and metabolizable lipid ca- 
pable of forming liposomes can be used. The present 
compositions in liposome form can contain, in addition 
a compound of the present invention, stabilizers, preser- 
vatives, excipients, and the like. The preferred lipids are JQ 
the phospholipids and phosphatidyl cholines (lecithins), 
both natural and synthetic. Methods to form liposomes 
are known in the art. See, for example, Prescott, Ed., 
Methods in Cell Biology, Volume XIV, Academic Press, 
New York, N.W. (1976), p.33 et seq. 35 

While the compounds of the invention can be admin- 
istered as the sole active pharmaceutical agent, they can 
also be used in combination with one or more other 1 ' 
agents used in the treatment of pathogenic mycobacte- 
rial infections. Representative agents useful in combina- 40 
tion with the compounds of the invention for the treat- 
ment of M. tuberculosis include, for example, isoniazid, 
rifampin, pyrazinamide, ethambutol, rifabutin, strepto- 
mycin, ciprofloxacin and the like. 

The above compounds to be employed in combina- 45 
tion with the indolo[2,l-b]quinazoline-6,12-dione com- 
pounds of the invention will be used in therapeutic 
amounts as indicated in the Physicians' Desk Reference 
(PDR) 47th Edition (1993), which is incorporated 
herein by reference, or such therapeutically useful 50 
amounts as would be known to one of ordinary skill in 
the art. 

The compounds of the invention and the other antiin- 
fective agent can be administered at the recommended 
maximum clinical dosage or at lower doses. Dosage 55 
levels of the active compounds in the compositions of 
the invention may be varied so as to obtain a desired 
therapeutic response depending on the route of adminis- 
tration, severity of the disease and the response of the 
patient. The combination can be administered as sepa- 60 
rate compositions or as a single dosage form containing 
both agents. When administered as a combination, the 
therapeutic agents can be formulated as separate com- 
positions which are given at the same time or different 
times, or the therapeutic agents can be given as a single 65 
composition. 

The foregoing may be better understood by reference 
to the following examples, which are provided for illus- 



tration and are not intended to limit the scope of the 
inventive concepts. 

EXAMPLE 1 
Preparation of 5,6-difluoroisatin and 4,5-difluoroisatin 




To a solution of 3,4-difluoroaniline (12.98 g, 0.100 
mol) in 325 mL of methylene chloride at —65° C. was 
added a solution of t-butylhypochlorite (10.86 g, 0.100 
mol) in 52 mL of methylene chloride. The mixture was 
stirred for 10 min. A solution of ethyl thiomethylacetate 
(1 3.49 g, 0. 100 mol) in 65 mL of methylene chloride was 
added dropwise to the mixture and stirred at —65° C. 
for 1 h. Triethylamine (10.17 g, 0.100 mol) in 65 mL of 
methylene chloride was added, and the reaction mixture 
was warmed to room temperature and stirred for 3 h. 
Water was added and the methylene chloride layer was 
separated and concentrated under reduced pressure to 
yield an oil. The resulting oil was diluted with 300 mL 
of diethyl ether and 80 mL of 2N HC1, and stirred for 24 
h. A precipitate was formed, filtered and washed with 
50 mL of diethyl ether to give a mixture of 5,6- and 
4,5-difluoro-3-thiomethyloxindoles in 70% yield. 

The crude oxindoles (11.64 g, 0.054 mol) were re- 
acted with N-chlorosuccinimide (7.26 g, 0.05 mol) in 
500 mL of chloroform at room temperature for 1 h. The 
reaction mixture was concentrated and the resulting 
residue was dissolved in 70 mL of THF. To this solution 
was added red mercury (II) oxide (11.78 g, 0.054 mol), 
boron trifluoride etherate (7.72 g, 0.05 mol), and 400 
mL of aqueous 20% THF. The slurry was stirred for 3 
h, diluted with 1000 mL of chloroform and filtered 
through celite. The resulting solids were washed with 
chloroform and the chloroform layer was separated and 
concentrated. Chromatography on silica gel eluting 
with 1% isopropyl alcohohchloroform gave 5,6- 
difluoroisatin (Saul Kadin, U.S. Pat. No. 4,721,712) and 
4,5-difluoroisatin in 31% and 4% yield, respectively. 
4,5-Difluoroisatin: mp 140° C. (dec); 'H NMR (300 
MHz, DMSO-d 6 ) S 11.25 (s, 1H), 7.7 (dd, 1H), 6.7 (dd, 
1H). 

EXAMPLE 2 
5,6,7-trifluoroisatin 




Using the procedure in Example 1 and substituting 
2,3,4-trifluoroaniline for 3,4-difluoroaniline gave 5,6,7- 
trifluoro-3-methylthiooxindole in 51% yield: mp 
177°-178.5° C; !H NMR (300 MHz, DMSO-d 6 )S 11.3 
(s, 1H) 7.30-7.39 (m, 1H) 4.65 (s, 1H) 1.95 (s, 3H). 5,6,7- 
trifluoroisatin was obtained in an overall yield of 37.5%: 



mp 192.8 -194.3° C; 'H NMR (300 MHz, DMSO-d 6 ) 8 
11.8 (s, 1H) 7.60-7.75 (m, 1H). 

EXAMPLE 3 
5,7-difluoroisatin : 



'H NMR (300 MHz, CDC1 3 ) 8 8.8 (br s, 1H), 7.3 (s, 1H), 
6.4 (d, 1H), 4.35 (br s, 1H), 4.0 (d, 1H), 3.65 (t, 2H), 3.3 
(dt, 1H), 3.25 (dt, 1H), 3.1 (t, 1H), 1.5 (s, 9H), 1.3 (s, 3H). 

EXAMPLE 6 
5,7-difluoro-6-(4-methylpiperazinyl)isatin 




To a solution of 5,6-difluoroisatin (1.0 g, 5 mmol) in 
50 mL of dimethyl sulfoxide was added N-methylpiper- 
azine (5.47 g, 50 mmol). The mixture was stirred for 4 h 
at room temperature and the crude reaction mixture 
was diluted with ethyl acetate. The organic solution 
was washed with saturated sodium bicarbonate. The 
organic layers were separated and concentrated to give 
the title compound in 72% yield: mp 150° C. (dec); 'H 
NMR (300 MHz, DMSO-d 6 )S 10.8 (br s, 1H), 7.3 (d, 
1H), 6.4 (d, 1H), 2.25 (s, 3H), 2.2 (m, 4H), 2.1 (m, 4H). 

EXAMPLE 5 
5-fluoro-6-(3-methyl-4-tertbutyloxycarbonyl 
piperazinyl)isatin 



I 3 C 



Using the procedure in Example 1 and substituting 15 
2,4-difluoroaniline for 3,4-difluoroaniline gave 5,7- 
difluoro-3-methylthiooxindole in 57% yield: mp 
150.7°-152.0° C; iH NMR (300 MHz, DMSO-d 6 ) 8 
11.1 (s, 1H) 7.16-7.43 (m, 1H) 7.01-7.12 (m, 1H) 4.7 (s, 
1H) 1.93 (s, 3H); MS (M+CH4CN)+ 257. 5,7- 20 
difluoroisatin was obtained in an overall yield of 39% 
yield: mp 188.5°-194° C; 'H NMR (300 MHz, DMSO- 
d 6 ) 8 11.6 (s, 1H) 7.60-7.73 (m, 1H) 7.43-7.4 (m, 1H). 

EXAMPLE 4 ^ 
5-fluoro-6-(4-methylpiperazinyl)isatin 




Using the procedure in Example 4 and substituting 
5,6,7-trifluoroisatin for 5,6-difluoroisatin gave the title 
compound in 70% yield. 

EXAMPLE 7 
5-methoxyisatin 



Mr 



To a stirred solution of 12.6 g (75.6 mmol) of chloral 
hydrate in 168 mL water was added the following: 180 

3J g (1.27 mole) sodium sulfate; 7.67 g (62.4 mmol) 4- 
methoxyaniline in 6 mL of concentrated HC1 and 42 mL 
of water; and 15.4 g (224 mmol) of hydroxy lamine hy- 
drochloride in 70 mL of water. The mixture was heated 
slowly to 100° C. and kept at that temperature for 1 h. 

^ The mixture was cooled to room temperature, filtered 
and the precipitate washed with water and dried to give 
81% yield of the anilide: 'H NMR (300 MHz, DMSO- 
d 6 ) 8 12.15 (s, 1H) 10.1 (s, 1H) 7.65 (s, 1H) 7.6 (d, 2H) 
6.95 (d, 2H) 3.75 (s, 3H). 

45 The crude anilide (10.8 g, 61 mmol) was added to 27 
mL of concentrated sulfuric acid at 50° C, heated at 65° 
C. for 1 h, cooled to room temperature, and poured into 
300 mL of ice. The solids were filtered and dried in 
vacuo over P2O5. The crude isatin was dissolved in 

50 boiling CH2CI2 with 2% N-methylpyrrolidone and ap- 
plied to a silica gel column. The product was eluted 
using a CH 2 Cl 2 :MeOH gradient 100% CH 2 C1 2 to (9:1) 
CH2Cl 2 :MeOH. 5-Methoxyisatin was obtained in 12% 
yield overall: mp 168°-172° C; >H NMR (300 MHz, 

55 DMSO-d 6 ) 8 10.85 (s, 1H) 7.17-7.24 (m, 1H) 7.1 (d, 1H) 
6.87 (d, 1H) 3.75 (s, 3H); MS (M+CH4CN)+ 158. 

EXAMPLE 8 



To a solution of 5-fluoro-6-(3-methylpiperazinyl)isa- 
tin (0.585 g, 2 mmol) in 30 mL of dry THF was added 
dropwise di-t-butyldicarbonate (0.727 g, 3 mmol) in 5 
mL of THF. The mixture was stirred for 2 h at room 
temperature and the crude mixture was concentrated 65 
under reduced pressure. Chromatography of the resi- 
due on silica gel using mefhanohchloroform as eluent 
gave the title compound in 69% yield: mp 160° C. (dec); 
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To a solution of 5-azaisatoic anhydride (1 mmoi, 
Coppola, G. M. Synthesis 1980, 505) and allyl bromide 
(1.1 mmol) in DMF is added triethylamine (1.2 mmol) 
dropwise. The reaction mixture is allowed to stir at 
room temperature for 12 h after which time CHCI3 is 5 
added and the organic layer is washed with water, dried 
(MgSCXt) and the solvent is evaporated to give N-allyl- 
5-azaisatoic anhydride. 

A solution of N-allyl-5-azaisatoic anhydride (20 1Q 
mmol) in DMF is added dropwise to a suspension of 
pulverized potassium cyanide (21 mmol) in DMF at 
100° C. The reaction mixture is stirred at 100° C. for an 
additional 5 min after which time the mixture is poured 
into cold water and extracted with ether. The organic 15 
layer is dried (Na2SO.O, filtered and the solvent is re- 
moved. Stirring the resulting residue in 2N hydrochlo- 
ric acid overnight and adjusting the pH to 7 gives, upon 
filtration, N-allyl-5-azaisatin. 

A solution of N-allyl-5-azaisatin (5.3 mmol), 20 
(Ph3P)3RhCl (0.5 mmol) in aqueous toluene is stirred 
under a nitrogen atmosphere at room temperature over- 
night. The organic layer is dried (MgS04) and the sol- 
vent is evaporated. The residue is stirred in IN 
HCl/MeOH for 15 min after which time the methanol is 
evaporated and the pH of the water is adjusted to 7. A 
precipitate is formed and purified by silica gel chroma- 
tography (1% MeOH:CHCl3) to obtain the title com- 
pound. 30 

EXAMPLE 9 



EXAMPLE 11 
4-Azaisatin 



To a solution of 3-aminopicolinic acid (2 mmol, Hurd, 
C. D. et al. J. Org. Chem. 35:1471, 1970) and sodium 
carbonate (2.1 mmol) in water is added triphosgene (0.6 
mmol). The reaction mixture is allowed to stir for 14 h 
at room temperature after which time the pH is adjusted 
to 3 and the resulting precipitate, 6-azaisatoic anhy- 
dride, is filtered. 

Using the procedure in Example 8 and substituting 
6-azaisatoic anhydride for 5-azaisatoic anhydride, gives 
the title compound. 

EXAMPLE 12 
2-Chloro-8-fluoroindolo[2,l-b]quinazoline-6,12-dione 




©0- 



Using the procedure in Example 8 and substituting 
4-azaisatoic anhydride (Coppola, G. M. Synthesis 1980, 
505) for 5-azaisatoic anhydride gives the title com- 45 

EXAMPLE 10 



Isatoic anhydrides were prepared from 2-aminoben- 
zoic acid derivatives using the following procedure. A 
solution of 2-amino-5-chlorobenzoic acid (1.56 g, 9.7 
mmol) in 25 mL of dry THF and triphosgene (1.00 g, 
3.3 mmol) was stirred at room temperature for 18 h. The 
resultant solid was filtered, washed with cold acetone, 
and dried under vacuum to give 1.56 g (89%) of 5- 
chloroisatoic anhydride. 

To a suspension of NaH (10 mmol, 40 mg 60%) in 4 
mL of DMF was added 10 mmol of 5-fluoroisatin in 2 
mL of DMF. After 15 min, a solution of 5-chloroisatoic 
anhydride in 3 mL of DMF was added. The reaction 
mixture was stirred for 18 h, methanol (0.5 mL) and 20 
mL of chloroform was added and the organic solution 
was washed with water, dried (MgSO*) and concen- 
trated to give a residue which was purified by silica gel 
chromatography (CHCl3:CH 3 OH). Yield 77%: mp 
280°-282° C. 

EXAMPLE 13 
2-Chloro-8-nitroindolo[2,l-b]quinazoline-6,12-dione 



To a solution of 2-aminonicotinic acid (5 mmol) and ^ 
sodium carbonate (5.1 mmol) in water is added triphos- 
gene (1.6 mmol) at room temperature. The reaction 
mixture is allowed to stir for 16 h after which time the 
pH is adjusted to 3 and the resulting precipitate, 3- 
azaisatoic anhydride, is filtered. 6 

Using the procedure in Example 8 and substituting 
3-azaisatoic anhydride for 5-azaisatoic anhydride, gives 
the title compound. 




Using the procedure in Example 12 and substituting 
8-nitroisatin for 5-fluoroisatin and recrystallization of 
the crude product from CHCl3:ethyl acetate gave 44 



5,441,955 



mg of the title compound. Yield 1.3% yield: l H NMR 
(DMSO-d 6 ) 8 8.88-8.50 (brs, 3H), 8.40-8.24 (brs, 1H), 
8.10-8.0 (brs, 2H). 

EXAMPLE 14 : 
2,3-Dimethoxyindolo[2, 1 -b]quinazoline-6, 1 2-dione 
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EXAMPLE 17 
8-Bromoindolo[2,l-b]quinazoline-6, 12-dione 



»0 





Using the procedure in Example 12, and substituting 
N-methylpyrrolidone (NMP) for N,N-dimethylforma- 
mide (DMF), 5,6-dimethoxyisatoic anhydride for 5- 
chloroisatoic anhydride and isatin for 5-fluoroisatin 
gave 367 mg (16%) of the title compound: mp 350° C. 
(dec); 1H NMR(CDC1 3 )S 4.02-4.08 (d, 6H), 7.40-7.45 
(m, 2H), 7.74-7.80 (m, 2H), 7.88-7.92 (m, 1H), 8.60-8.65 
(d, 1H); MS (M+H)+ 308. 

EXAMPLE 15 
2-Chloroindolo[2, 1 -b]quinazoline-6, 1 2-dione 



Using the procedure in Example 12 and substituting 
5 isatoic anhydride for 5-chloroisatoic anhydride and 
5-bromoisatin for 5-fluoroisatin gave the title compound 
in 9% yield: mp 288°-290.2° C; 'H NMR (300 MHz, 
CDC1 3 ) 8 8.56 (d, 1H) 8.44 (d, 1H) 8.06 (s, 1H) 8.04 (s, 
1H) 7.82-7.96 (m, 2H) 7.66-7.76 (m, 1H); MS (M+H)+ 
) 328. 

EXAMPLE 18 
8-Nitroindolo[2,l-b]quinazoline-6,12-dione 





Using the procedure in Example 12, and substituting 
NMP for DMF and isatin for 5-fluoroisatin gave 53 mg 
(7%) of the title compound: mp 320° C. (dec); l H 
NMR(DMSO-d 6 ) S 7.46-7.54 (m, 1H), 7.86-7.92 (m, 
3H), 8.26-8.28 (m, 1H), 8.45-8.50 (m, 2H); MS 
(M + H)+ 282. 

EXAMPLE 16 
2-Nitroindolo[2,l-b]quinazoline-6,12-dione 



Using the procedure in Example 12 and substituting 
' isatoic anhydride for 5-chloroisatoic anhydride and 
5-nitroisatin for 5-fluoroisatin gave the title compound 
in 18% yield: mp 302.2°-303° C; *H NMR (300 MHz, 
CDCI3) 8 8.88 (d, 1H) 8.77 (d, 1H) 8.66-8.74 (m, 1H) 
) 8.46-8.52 (m, 1H) 8.09 (d, 1H) 7.88-7.98 (m, 1H) 
7.72-7.80 (m, 1H); MS (M+H)+ 293. 

EXAMPLE 19 
8-Fluoroindolo[2,l-b]quinazoline-6, 12-dione 




ISO 




Using the procedure in Example 12, and substituting 
NMP for DMF, 5-nitroisatoic anhydride for 5- 
chloroisatoic anhydride and isatin for 5-fluoroisatin 
gave 495 mg (24%) of the title compound: mp 349° C. 
(dec); 'H NMR(CDC1 3 )S 7.46-7.54 (m, 1H), 7.84-8.00 
(m, 3H), 8.18-8.22 (m, 1H), 8.62-8.68 (m, 2H). 



5 To a solution of potassium tert-butoxide (0.786 g, 7 
mmol) in 10 mL of NMP was added 1.16 g (7 mmol) of 
5-fluoroisatin in 50 mL of NMP. After 20 h at room 
temperature the reaction was quenched with 5 mL of 
methanol, 200 mL CHCI3 and 100 mL water. The or- 

' ganic layer was separated, washed three times with 
water and dried (Na2S04). Solvents were removed by 
reduced pressure and the resulting solid residue was 
purified by silica gel chromatography using CH2CI2 as 

; eluent. The title compound was obtained in a 34% 
yield: mp 273°-276° C; >H NMR (300 MHz, DMSO-d 6 ) 
8 8.48 (d, 1H) 8.33 (d, 1H) 7.90-8.02 (m, 3H) 7.71-7.82 
(m, 1H); MS (M + CH 4 CN)+ 308. 
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EXAMPLE 20 
8-Chloroindolo[2, 1 -b]quinazoline-6, 1 2-dione 



5,441,955 
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EXAMPLE 23 
8-Iodoindolo [2, 1 -b]quinazoline-6, 1 2-dione 




Using the procedure in Example 12 and substituting 
isatoic anhydride for 5-chloroisatoic anhydride and 
5-chloroisatin for 5-fluoroisatin gave the title compound 
in 39% crude yield: mp 295°-296° C; 1H NMR (300 
MHz, DMSO-d 6 ) S 8.46-8.53 (m, 1H), 8.33 (d, 1H), 7.96 
(d, 2H), 7.69-7.84 (m, 3H); MS (M+H)+ 283. 

EXAMPLE 21 
8-Methoxyindolo[2, l-b]quinazoline-6, 12-dione 




o 



15 Using the procedure in Example 12 and substituting 
isatoic anhydride for 5-chloroisatoic anhydride and 
5-iodoisatin for 5-fluoroisatin gave the title compound 
in 31% yield: mp 296.5°-297.3° C; 'H NMR (300MHz, 

20 DMSO-d 6 ) 8 8.16-8.36 (m, 4H) 7.96 (2, H) 7.70-7.83 (m, 
1H); MS (M+H)+ 374. 

EXAMPLE 24 
25 2-Methylindolo[2,l-b]quinazoline-6,12-dione 




30 



Using the procedure in Example 12 and substituting 
isatoic anhydride for 5-chloroisatoic anhydride and 
5-methoxyisatin for 5-fluoroisatin gave the title com- 40 
pound in 24% yield: mp 267.6°-269* C; 'H NMR (300 
MHz, DMSO-d 6 ) 8 8.28 (d, 1H) 8.25 (d, 1H) 7.93 (d, 
2H) 7.68-7.78 (m, 1H) 7.37-7.46 (m, 2H) 3.88 (s, 3H); 4J 
MS (M+H)+ 279. 

EXAMPLE 22 
8-Methylindolo[2,l-b]quinazoline-6,12-dione 50 




55 



Using the procedure in Example 12 and substituting 
isatoic anhydride for 5-chloroisatoic anhydride and 
5-methylisatin for 5-fluoroisatin gave the title com- 
pound in 36% yield: mp 282.8°-284.8° C; *H NMR (300 65 
MHz, DMSO-de) 8 8.28-8.38 (m, 2H) 7.94 (d, 2H) 
7.64-7.78 (m, 3H) 3.34 (s, 3H); MS (M+H)+ 263. 




Using the procedure in Example 12 and substituting 
5-methylisatoic anhydride for 5-chloroisatoic anhydride 
and isatin for 5-fluoroisatin gave the title compound in 
34% yield: mp 266°-267° C; ] H NMR (300 MHz, 
CDCI3) 8 8.65 (d, 1H), 8.22 (s, 1H), 7.94 (d, 1H), 7.93 (d, 
1H), 7.79 (dt, 1H), 7.66 ppm (1H), 7.45 (dt, 1H), 2.55 (s, 
3H); MS (M + H)+ 263, (M+CH4CNQ+ 304. 

EXAMPLE 25 
1 -Methylindolo[2, 1 -b]quinazoline-6, 1 2-dione 




Using the procedure in Example 12 and substituting 
6-methylisatoic anhydride for 5-chloroisatoic anhydride 
and isatin for 5-fluoroisatin gave the title compound in 
31% yield: mp 304°-307° C; m NMR (300 MHz, 
CDCI3) 8 8.65 (d, 1H), 7.9 (t, 1H), 7.9 (t, 1H), 7.88 (t, 
1H), 7.78 (t, 1H), 7.68 (t, 1H), 7.42 (dt, 1H), 7.41 (t, 1H), 
3.0 (s, 3H); MS (M+H)+ 263.1, (M+CH4CN)+ 304. 
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EXAMPLE 26 
4-Methylindolo[2, l-b]quinazoline-6, 12-dione 



5,441,955 
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EXAMPLE 29 
2-Fluoroindolo[2,l-b]quinazoline-6,12-dione 




CH 3 



Using the procedure in Example 12 and substituting 
3-methylisatoic anhydride for 5-chloroisatoic anhydride 
and isatin for 5-fluoroisatin gave the title compound in 
31% yield: mp 247°-248° C; l H NMR (300 MHz, 
CDC1 3 ) 8 8.64 (d; 1H), 8.28 (d, 1H), 7.92 (d, 1H), 7.78 
(dt, 1H), 7.70 (d, 1H), 7.55 (t, 1H), 7.43 (dt, 1H), 275 (s, 
1H); MS (M+H)+ 263, (M+CH 4 CN)+ 304. 

EXAMPLE 27 
2,8-Difluoroindolo[2,l-b]quinazoline-6, 12-dione 




Using the procedure in Example 12, and substituting 
5-fluoroisatoic anhydride for 5-chloroisatoic anhydride 
gave 161 mg (13%) of the title compound: mp 
295.4°-296.2° C; >H NMR(DMSO-d 6 ) 8 7.51-7.80 (m, 
3H), 8.03-8.10 (m, 2H), 8.46-8.52 (m, 1H). MS 
(M+H)+284. 

EXAMPLE 28 
2-Bromoindolo[2,l-b]quinazoline-6,12-dione 




Using the procedure in Example 12, and substituting 
5-bromoisatoic anhydride for 5-chloroisatoic anhydride 
and isatin for 5-fluoroisatin gave 635 mg (28%) of the 




5 Using the procedure in Example 12, and substituting 
5-fluoroisatoic anhydride for 5-chloroisatoic anhydride 
and isatin for 5-fluoroisatin gave 650 mg (57%) of the 
title compound: mp 295° C. (dec); ] H NMR (DMSO-d 6 ) 

3 8 7.48-7.54 (m, 1H), 7.82-7.94 (m, 3H), 8.02-8.08 (m, 
2H), 8.46-8.51 (m, 1H); MS (M+H)+ 267.1. 

EXAMPLE 30 
5 2-Amino-8-fluoroindolo[2, l-b]quinazoline-6, 12-dione 




Using the procedure in Example 36 and substituting 
5-aminoisatoic anhydride for 4-fluoroisatoic anhydride 
3 gave the title compound in 69% yield: mp >275° C. 
(dec); 1H NMR (300 MHz, DMSO-d 6 ) 8 8.5 (dd, 1H), 
7.7 (m, 2H), 7.6 (d, 1H), 7.4 (d, 1H), 7.1 (dd, 1H), 6.44 (s, 
2H). 

EXAMPLE 31 
9-Chloroindolo[2,l-b]quinazoline-6, 12-dione 




) Using the procedure in Example 12 and substituting 
isatoic anhydride for 5-chloroisatoic anhydride and 
6-chloroisatin for 5-fluoroisatin gave the title compound 
n 14% yield: mp 300.6°-303.1° C; »H NMR (300 MHz, 



title compound: mp 315°-316° C; ! H NMR(CDCb) 8 65 DMSO-d 6 ) 8 8.49 (d, 1H) 8.35 (d, 1H) 7.89 (d, 2H) 7.94 

1H) 7.55-7.62 (m, 1H); MS 



7.56-7.62 (m, 1H), 7.94-8.02 (m, 3H), 8.18-8.24 (m, 1H), 
8.48-8.58 (m, 2H); MS (M+H)+ 326.9. 



(d, 1H) 7.72-7.82 (m, 
(M+CH4CN)+ 324. 



5,441,955 
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EXAMPLE 35 
8-Fluoro-2-methylindolo[2,l-b]quinazoline-6, 12-dione 



25 

EXAMPLE 32 
7-Chloroindolo[2, l-b]quinazoline-6, 12-dione 




Using Ihe procedure in Example 12 and substituting 15 
isatoic anhydride for 5-chloroisatoic anhydride and 
4-chloroisatin for 5-fluoroisatin gave the title compound 
in 16% yield: mp 294°-295.7'' C; 'H NMR (300 MHz, 
DMSO-d 6 ) 5 8.49 (d, 1H) 8.33 (d, 1H) 7.97 (d, 2H) 20 
7.81-7.90 (m, 1H) 7.72-7.80 (m, 1H) 7.52 (d, 1H); MS ' 
(M+H)+ 283. 

EXAMPLE 33 

25 

8-Fluoro-4-methoxyindolo[2, l-b]quinazoline-6, 12- 
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35 



OCH 3 O 



Using the procedure in Example 12 and substituting 
3-methoxyisatoic anhydride for 5-chloroisatoic anhy- ^ 
dride gave the title compound in 39% yield: mp >300° 
C. (dec); 'H NMR (300 MHz, DMSO-d 6 ) 8 8.7 (dd, 
1H), 7.85 (dd, 1H), 7.8 (m, 1H), 7.75-7.66 (m, 2H), 7.56 
(m, 1H), (d, 1H) 4.0 (s, 3H); MS (M+H)+ 297, 4$ 
(M+CH 4 CN)+ 338. 

EXAMPLE 34 
2,4-Dimethy-8-fluoroindolo[2, 1 -b]quinazoline-6, 1 2- 

dione 50 




55 



Using the procedure in Example 12 and substituting 
3,5-dimethylisatoic anhydride for 5-chloroisatoic anhy- 
dride gave the title compound in 15% yield: mp 
275°-277° C; >H NMR (300 MHz, CDCI3) S 8.65 (dd, 
1H), 8.06 (s, 1H), 7.58 (dd, 1H), 7.52 (s, 1H), 7.46 (dd, 
1H), 2.8 (s, 3H), 2.5 (s, 3H). 




Using the procedure in Example 36 and substituting 
5-methylisatoic anhydride for 4-fluoroisatoic anhydride 
gave the title compound in 43% yield: mp 300°-301° G; 
1H NMR (300 MHz, CDCI3) S 8.64 (dd, 1H), 8.22 (s, 
1H), 7.90 (d, 1H), 7.66 (d, 1H), 7.57 (dd, 1H), 7.46 (dt, 
1H), 2.55 (s, 3H). 

EXAMPLE 36 
S.j^Difluoroindolop, l-b]quinazoline-r6, 12-dione 




5-Fluoroisatin (2.20 g, 13.3 mmol) and 4-fluoroisatoic 
anhydride which was prepared according to the proce- 
dure in Example 12 (2.64 g, 14:6 mmol) were dissolved 
in 130 mL of dry dimethylformamide (DMF), DBU 
(2.22 g, 14.6 mmol) and 4-dimethylaminopyridine 
(DMAP, 0.16 g, 1.33 mmol) were added over 2 min. 
the reaction was stirred for 19 h and 130 mL of 0.2M 
HC1 was added which produced a precipitate. The 
precipitate was filtered, washed with water (3 X 20 mL) 
and ethyl acetate (20 mL). The crude solid was purified 
by chromatography on silica gel eluting with chloro- 
form giving the title compound in 20% yield: mp 
297°-298° C: >H NMR (300 MHz, CDCI3) 8 8.64 (dd, 
1H), 8.45 (dd, 1H), 7.69 (dd, 1H), 7.58 (dd, 1H), 7.5 (dt, 
1H), 7.4 (dt, 1H). 

EXAMPLE 37 
10-Fluoroindolo[2,l-b]quinazoline-6,12-dione 




A solution of 7-fluoroisatin (300 mg, 1.8 mmol), isa- 
toic anhydride (1.2 g, 7.3 mmol), and dime- 
thylaminopyridine (222 mg, 2 mmol) in 5 mL of pyri- 
dine were heated at reflux temperature for 64 h. 50 mL 
of 0.2N HC1 and 100 mL of chloroform were added and 
the chloroform layer was separated. The water layer 
was extracted with chloroform and the combined or- 
ganic extracts were concentrated. Chromatography on 
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silica gel eluting with chloroform gave the title com- 
pound in 14% yield: mp 264°-267° C; l R NMR (300 
MHz, CDC1 3 ) S 8.46 (d, 1H) 8.02 (d, 1H) 7.82-7.92 (m, 
1H) 7.79 (d, 1H) 7.64-7.74 (m, 1H) 7.52-7.64 (m, 1H) 5 
7.40 7.49 (m, 1H). 

EXAMPLE 38 
l,8-Difluoromdolo[2,l-b]quinazoline-6,12-dione jo 



15 





Using the procedure in Example 36 and substituting 
6-methylisatoic anhydride for 4-fluoroisatoic anhydride 
gave the title compound in 35% yield: mp 300 o -301° C; 
'H NMR (300 MHz, CDCI3) 8 8.63 (dd, 1H), 8.21 (s, 



EXAMPLE 41 
8,10-Difluoroindolo[2,l-b]quinazoline-6,12-dione 




Using the procedure in Example 19 and substituting 
6-fluoroisatoic anhydride for isatoic anhydride gave the 
title compound in 20% yield: mp 323°-325° C; *H 
NMR (300 MHz, CDCI3) 8 8.65 (dd, 1H), 7.89-7.82 (m, 2 5 
2H), 7.58 (dd, 1H), 7.48 (dt, 1H), 7.35 (dt, 1H). 

EXAMPLE 39 
8-Fluoro-l-methylindolo[2,l-b]quinazoline-6,12-dione 3Q 



Using the procedure in Example 56 and substituting 
2-aminobenzoic acid for 2-aminonicotinic acid and 5,7- 
difluoroisatin from Example 3 for isatin gave the title 
20 compound in 4.7% yield: mp 287°-290° C,; 'H NMR 
(300 MHz, CDCI3) 8 8.47 (d, 1H) 8.02 (d, 1H) 7.84-7.92 
(m, 1H) 7.66-7.76 (m, 1H) 7.48-7.54 (m, 1H) 7.30-7.40 
(m, 1H). 



EXAMPLE 42 



8-Carboethoxyindolo[2, 1 -b]quinazoline-6, 1 2-dione 




Using the procedure in Example 56 and substituting 
40 2-aminobenzoic acid for 2-aminonicotinic acid and 5- 
carboethoxyisatin for 5-fluoroisatin gave the title com- 
pound in 30% yield: mp 270.5°-272.7° C; >H NMR (300 
MHz, CDC1 3 ) 8 8.71 (d, 1H) 8.59 (s, 1H) 8.42-8.54 (m, 



1H), 7.9 (d, 1H), 7.65 (d, 1H), 7.56 (dd, 'lH), V.46 (dt! 45 2H > 8 ' 05 <_ d > 1H > 7 84 " 7 - 94 ^ 1H > 7 - 66 ~ 7 - 76 < m > 1H > 
lH),2.5(s, 1H). 



EXAMPLE 40 
8-Fluoro-4-methylindolo[2, 1 -b]quinazoline-6, 1 2-dione 



4.38-4.5 (m, 2H) 1.4-1.5 (m, 3H). 

EXAMPLE 43 
4 8-Difluoroindolo[2,l-b]quinazoline-6, 12-dione 




Using the procedure in Example 36 and substituting 
3-methylisatoic anhydride for 4-fluoroisatoic anhydride 
gave the title compound in 42% yield: mp 255°-257° C; 
>H NMR (300 MHz, CDCI3) S 8.61 (dd, 1H), 8.26 (d, 
1H), 7.68 (d, 1H), 7.56 (dt, 1H), 7.52 (dt, 1H), 7.44 (dt, 
1H), 2.75 (s, 3H). 



55 




Using the procedure in Example 36 and substituting 
3-fluoroisatoic anhydride for 4-fluoroisatoic anhydride 
gave the title compound in 16% yield: mp >300° C. 
(dec); 1H NMR (300 MHz, DMSO-d 6 ) S 8.51 (dd, 1H), 
8.16 (d, 1H), 7.82-7.92 (m, 2H), 7.71-7.82 (m, 2H); MS 
(M+H)+ 285. 
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EXAMPLE 44 
8,9-Difluoroindolo[2,l-b]quinazoline-6,12-dione 



5,441,955 




Using the procedure in Example 36 and substituting ^ 
5,6-difluoroisatin for 5-fluoroisatin and isatoic anhy- 
dride for 4-fluoroisatoic anhydride gave the title com- 
pound in 2% yield: mp >250° C. (dec); 'H NMR (300 
MHz, DMSO-d 6 ) 8 8.54 (dd, 1H) 8.42 (d, 1H), 8.25 (d, 
1H), 7.9 (dd, 1H), 7.78-7.68 (q, 2H); MS (M+H)+ 285. 2 

EXAMPLE 45 
8-Fluoro- 1 -(4-methylpiperazinyl)indolo [2, 1 -b] quinazo- 
line-6,12-dione 




Using the procedure in Example 47 and substituting 
l,8-difluoroindolo[2,l,b]quinazoline-6-12-dione for 9- 
chloroindolo[2,l-b]quinazoline-6,12-dione gave the title 
compound in 60% yield: mp 232°-233° C; l H NMR 
(300 MHz, CDC1 3 ) 8 8.72 (dd, 1H), 7.71 (t, 1H), 7.62 (d, 
1H), 7.56 (dd, 1H), 7.46 (dt, 1H), 7.22 (d, 1H), 3.25 (s, 
4H), 2.8 (s, 4H), 2.4 (s, 3H); MS (M+H)+ 365. 

EXAMPLE 46 
7-(4-Methylpiperazinyl)indolo[2, l-b]quinazoline-6, 12- 
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EXAMPLE 47 
9-(4-Methylpiperazinyl)indolo [2, 1 -b]quinazoline-6, 1 2- 




9-Chloroindolo[2,l-b]qumazoline-6,12-dione (Exam- 
ple 31, 155 mg, 0.55 mmol), N-methylpiperazine (75 uL, 
25 0.68 mmol) and 3 mL of NMP were stirred at at 70° C. 
for 1 h. Chloroform (50 mL) was added and the mixture 
was washed with water (3 x 100 mL), dried (Na2S04), 
30 filtered and solvent removed in vacuo to give the crude 
product. Silica gel chromatography purification of the 
residue using (95:5) chloroform:methanol as eluent gave 
101 mg (53%) of the title compound: mp 214° C. (dec); 
35 1 H NMR(CDC1 3 ) S 2.40 (s, 3H), 2.55-2.65 (m, 4H), 
3.60-3.70 (m, 4H), 6.68-6.74 (dd, 1H), 760-7.70 (t, 1H), 
7.73-7.80 (m, 1H), 7.80-7.86 (m, JH), 7.99-8.05 (d, 1H), 
40 8.10-8.14(d, 1H), 8.36-8.42 (d, 1H); MS (M+H)+ 347.2. 

EXAMPLE 48 
8-Fluoro-3-(4-methylpiperazinyl)indolo[2,l-b]quinazo- 
45 line-6,12-dione 




CH 3 



Using the procedure in Example 47 and substituting 
7-chloroindolo[2,l-b]quinazoline-6-12-dione (0.3 mmol) 
for 9-chloroindolo[2,l-b]quinazoline-6,12-dione gave 85 
mg of the title compound. Yield 85%; mp 207° C. (dec); 
1H NMR(CDC1 3 ) 8 8.55 (brd, 1H), 8.10 (brd, 1H), 8.0 
(brd, 1H), 7.83 (brt, 1H), 7.63 (brt, 1H), 7.56 (brt, 1H), 
6.82 (brd, 1H), 3.5 (brs, 4H), 2.7 (brs, 4H). 



55 



Using the procedure in Example 47 and substituting 
^ 3,8-difluoroindolo [2,l-b]quinazoline-6-12-dione for 9- 
chloroindolo[2,l-b]quinazoline-6,12-dione gave the title 
compound in 60% yield: mp 242°-244° C; *H NMR 
(300 MHz, CDCI3) 8 8.61 (dd, 1H), 8.22 (d, 1H), 7.54 
65 (dd, 1H), 7.45 (dt, 1H), 7.31 (d, 1H), 7.16 (dd, 1H), 
3.5003.41 (dt, 4H), 2.70-2.61 (dt, 4H), 2.35 (s, 3H); MS 
(M+H)+ 365. 
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EXAMPLE 49 EXAMPLE 51 

8-Fluoro-9-(4-methylpiperazinyl)indolo[2,l-b]quinazo- 5 3,8-Difluoro-9-(4-Methylpiperazinyl)indolo[2,l- 
line-6, 12-dione b]quinazoline-6, 12-dione 



Using the procedure; in Example 36 and substituting 25 
5-fluoro-6-(4-methylpiperazinyl)isatin (from Example 
4) for 5-fluoroisatin and isatoic anhydride for 4- 
fluoroisatoic anhydride gave the title compound in 24% 30 
yield: mp 257°-258° C; ' H NMR (300 MHz, CDC1 3 ) 8 
8.39 (d, 1H), 8.15 (d, 1H), 8.01 (d, 1H), 7.85 (t, 1H), 7.66 

35 

(t, 1H), 7.47 (d, 1H), 3.55-3.45 (dt, 4H), 2.70-2.62 (dt, 
4H), 2.40 (s, 3H); MS (M+H)+ 365. 

EXAMPLE 50 40 
8,10-Difluoro-9-(4-Methylpiperazinyl)indolo[2,l- 
b]quinazoline-6, 12-dione 

45 



Using the procedure in Example 37 and substituting 
5,7-difluoro-6-(4-methylpiperazinyl)isatin from Exam- 
ple 6 for 7-fluoroisatin gave the title compound in 3.4% 
yield: MS (M+H)+ 383. 



Using the procedure in Example 36 and substituting 
5-fluoro-6-(4-methylpiperazinyl)isatin (from Example 
4) for 5-fluoroisatin gave the title compound in 34% 
yield: mp>250° C. (dec); 'H NMR (300 MHz, CDCI3) 
8 8.40 (dd, 1H), 8.13 (d, 1H), 7.66 (dd, 1H), 7.48 (dd, 
1H), 7.35 (dt, 1H), 3.55-3.46 (dt, 4H), 2.65-2.56 (dt, 4H), 
2.40 (s, 3H). 

EXAMPLE 52 
9-(4-t-Butyloxycarbonylpiperazinyl)indolo[2,l- 
b]quinazoline-6, 12-dione 




Using the procedure in Example 47, and substituting 
t-butyl 1-piperazinecarboxylate for N-methylpiperazine 
gave 80 mg (99%) of the title compound: mp 226°-228° 
C; ! H NMR(CDCb) 8 1.5-1.6 (d, 9H), 3.65 (s, 8H), 
6.67-6.72 (dd, 1H), 7.62-7.64 (dt, 1H), 7.66-7. 8 l(d, 1H), 
7.81-7.88(dt, 1H), 8.00-8.03 (d, 1H), 8.09-8.12 (d, 1H), 
8.38-8.42 (dd, 1H). 
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EXAMPLE 53 

8-Fluoro-9-(3-methyl-4-t-butyloxycarbonylpiperazinyl- 
)indolo [2, l-b]quinazoline-6, 12-dione 



EXAMPLE 55 
Thiophene Analog 




Using the procedure in Example 36 and substituting 
5-fluoro-6-(3-methyl-4-t-butyloxycarbonylpiperazinyl- 
)isatin (from Example 5) for 5-fluoroisatin and isatoic 
anhydride for 4-tluoroisatoic anhydride gave the title 
compound in 31% yield: mp 234'-237° C; 'H NMR 
(300 MHz, CDC1 3 ) S 8.40 (d, 1H), 8.15 (d, IH), 8.00 (d, 
1H), 7.85 (t, 1H), 7.65 (t, 1H), 7.50 (d, 1H), 4.4 (brs, 1H), 
4.00 (d, 1H), 3.75 (dd, 2H), 3.35 (dt, 2H), 3.15 (t, 1H), 1.5 
(s, 9H). 

EXAMPLE 54 
8-Fluoro-9-(3-methylpiperazinyl)indolo[2,l-b]quinazo- 
line-6, 12-dione 




A solution of 8-fluoro-9-(3-methyl-4-t-butyloxycar- 
bonylpiperaziny l)-indolo [2, 1 -b] quinazoline-6- 1 2-dione 
(0.19 g, 0.4 mmol) (from Example 53) in methylene 
chloride (7 mL) and trifluoroacetic acid (7 mL) was 
stirred for 1 h. Chloroform was added and the chloro- 
form/methylene chloride solution was washed with 
saturated sodium bicarbonate. The organic layer was 
separated, dried and concentrated to give a solid. Purifi- 
cation of the crude product by silica gel chromatogra- 
phy (chloroform eluent) gave the title compound in 
75% yield: mp 225°-227° C; >H NMR (300 MHz, 
CDCI3) 5 8.40 (d, 1H), 8.18 (d, 1H), 8.03 (d, IH), 7.85 (t, 
1H), 7.65 (t, IH) 7.50 (d, IH), 4.3 (m, IH), 3.86-3.76 (m, 
2H), 3.13-3.04 (m, 4H), 2.8 (t, IH) 1.75 (s, 3H). 




Methyl 3-amino-2-thiophenecarboxylate (1.88 g, 11.9 
15 mmol) and 2-chloro-3H-indole-3-one . (0.56 g, 3.98 
mmol, prepared according to the procedure of Grim- 
shaw, J. et al, Synthesis 1974, 496) were dissolved in 20 
mL of glacial acetic acid and the mixture was heated at 
20 reflux temperature for 45 min. The reaction mixture was 
cooled to room temperature and quenched with 50 mL 
of water. The aqueous layer was extracted with 4X 100 
mL of chloroform. The organic extracts were washed 
with 50 mL of 6N HC1, dried (Na 2 S0 4 ), filtered and 
solvent removed in vacuo to give 1.57 g of crude prod- 
uct. Purification of the residue by silica gel chromatog- 
raphy using chloroform as eluent gave 0.48 g (47%) of 
the title compound: mp 279° C. (dec); >H NMR(CDC1 3 ) 
30 8 7.40-7.70 (m, IH), 7.58-7.60 (d, IH), 7.75-7.82 (m, 
IH), 7.88-7.92 (d, 2H), 8.60-8.64 (d, IH). 

EXAMPLE 56 
Indolo[2,l-b]4-azaquinazoline-6, 12-dione 




5 To a solution of 2-[lH-benzotriazole-l-yl]-l,l,3,3-tet- 
ramethyluronium hexafluorophosphate (HBTU, 2.85 g, 
7.52 mmol), N-methylmorpholine (NMM, 1.5 mL, 13.7 
mmol), and 2-aminonicotinic acid (1.04 g, 7.53 mmol) in 

3 50 mL of dry DMF was added a solution of isatin (1.01 
g, 6.83 mmol) and DBU (l,8-diazabicyclo[5.4.0]undec- 
7-ene, 2.5 mL, 16.7 mmol) in 40 mL dry DMF over 12 
min at room temperature. After 20 h, the reaction mix- 

. ture was quenched with 200 mL of IN citric acid solu- 
tion. Water was added to make the final volume 1 L. 
The mixture was filtered to give 520 mg of residue. The 
filtrate was extracted with 5 X 100 mL of chloroform, 
washed with 2 x 300 mL of water. The organic layer 

D was dried over anhydrous sodium sulfate, filtered and 
solvent removed in vacuo to give an oil. Silica gel chro- 
matography purification of the oil and residue using 
(5:1) methylene chloride:ethyl acetate as eluent gave the 

5 title compound in 40% yield: mp 272° C. (dec); 'H 
NMR (DMSO-de) 5 7.48-7.56 (m, IH), 7.72-7.78 (m, 
IH), 7.86-7.96 (m, 2H), 8.43-8.48 (m, IH), 8.68-8.74 (m, 
IH), 9.05-9.10 (m, IH). MS (M+H)+ 250. 
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EXAMPLE 57 
8-Huoroindolo[2,l-b]4-azaquinazoline-6, 12-dione 



5,441,955 
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EXAMPLE 61 
7-Chloroindolo[2, 1 -b]4-azaquinazoline-6, 1 2-dione 





Using the procedure in Example 56, and substituting 
5-fluoroisatin for isatin gave 0.78 g (44%) of the title j 
compound: mp 308° C. (dec); !H NMR (DMSO-d 6 ) 8 
7.72-7.81 (m, 2H), 7.84-7.88 (q, 1H), 8.45-8.52 (m, 1H), 
8.71-8.76 (dd, 1H), 9.08-9.12 (m, 1H). 

EXAMPLE 58 2 
' 8-Fluoroindolo[2, l-b]pteridine-6, 12-dione 



Using the procedur 
4-chloroisatin for isati 



; in Example 56 and substituting 
i gives the title compound. 



EXAMPLE 62 
9-Chloroindolo[2,l-b]4-azaquinazoline-6,12-dione 



cor; 





30 

Using the procedure in Example 56, and substituting 
3-aminopyrazine-2-carboxylic acid for 2-aminonicotinic 
acid and 5-fluoroisatin for isatin gave 79 mg (6%) of the 
title compound: mp 336° C. (dec); 'H NMR(DMSO-d6) 35 
8 7.65-8.00 (m, 2H), 8.50 (s, 1H), 9.05-9.20 (m, 2H); MS 
(M+H)+ 269. 

EXAMPLE 59 
8-Chloroindolo[2, l-b]4-azaquinazoline-6, 12-dione 40 



Using the procedure in Example 56 and substituting 
6-chloroisatin for isatin gives the title compound. 

EXAMPLE 63 
8-Bromoindolo[2,l-b]4-azaquinazoline-6,12-dione 




(SO 




Using the procedure in Example 56, and substituting 
5-chloroisatin for isatin gave the title compound: mp 
. 312° C. 

EXAMPLE 60 
Indolo[2, l-b]pteridine-6, 12-dione 



Using the procedure in Example 56 and substituting 
5-bromoisatin for isatin gave the title compound in 34% 
yield: mp decomposes 322°-325° C; 'H NMR (300 
) MHz, DMSO-de) 8 9.06-9.12 (m, 1H) 8.68-8.76 (m, 1H) 
8.39 (d, 1H) 8.04-8.16 (m, 2H) 7.72-7.82 (m, 1H). 

EXAMPLE 64 
8-Carboethoxyindolo[2, l-b]4-azaquinazoline-6, 12-dione 




Using the procedure in Example 56 and substituting 
3-aminopyrazine-2-carboxylic acid for 2-aminonicotinic 
acid gives the title compound. 




Using the procedure in Example 56 and substituting 
8-carboethoxyisatin for isatin gives the title compound. 
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EXAMPLE 65 
8,9-Difluoroindolo[2,l-b]4-azaquinazoline-6,12-dione 




o 



Using the procedure in Example 56 and substituting 
5,6-difluoroisatin (prepared in Example 1) for isatin, 
gives the title compound. 

EXAMPLE 66 
8-Nitromdolo[2, l-b]4-azaquinazoline-6, 12-dione 




25 



Using the procedure in Example 56 and substituting 30 
5-nitroisatin for isatin, gives the title compound. 

EXAMPLE 67 
3,8-Difluoroindolo[2, l-b]4-azaquinazoline-6,12-dione 




o 



Using the procedure in Example 56 and substituting 45 
5-fluoroisatin for isatin and 2-amino-6-fluoropyridme-3- 
carboxylic acid (Rogers et al. U.S. Pat. No. 4,383,851, 
1983) for 2-aminonicotinic acid gives the title com- 
pound. 

EXAMPLE 68 
8-Fluoro-3-(4-methylpiperazinyl)indolo[2,l-b]4- 
azaquinazoline-6, 12-dione 



55 




Using the procedure in Example 47 and substituting 65 
3, 8-difluoroindolo[2, 1 -b]-4-azaquinazoline-6, 1 2-dione 
(Example 67) for 9-chloroindolo[2,l-b]quinazoline-6,12- 
dione gives the title compound. 



EXAMPLE 69 
2,3-Dichloro-8-fluoroindolo[2,l-b]pteridine-6, 12-dione 




Using the procedure in Example 55 and substituting 
methyl 3-amino-5,6-dichloro-2-pyrazinecarboxylate for 
methyl 3-amino-2-thiophenecarboxylate and 5-fluoro-2- 
chloro-3H-indole-3-one (prepared from 5-fluoroisatin 
according to Grimshaw, J. et al, Synthesis 496, 1974) for 
2-chloro-3H-indole-3-one gives the title compound. 

'■.').. EXAMPLE 70 
2-Chloro-8-fluoro-3-(4-methylpiperazinyl)mdolo [2,1- 
b]pteridine-6, 1 2-dione 




Using the procedure in Example 47, and substituting 
2,3-dichloro-8-fluoroindolo[2, l-b]pteridine-6, 12-dione 
(Example 69) for 9-chloroindolo[2,l-b]quinazoline 
gives the title compound. 

EXAMPLE 71 
2-Chloro-8-fluoroindolo[2, l-b]4-azaquinazoline-6, 12- 
dione 



ci. 




o 



Using the procedure in Example 56 and substituting 
5-fluoroisatin for isatin and 2-amino-5-chloronicotinic 
acid (Abu El-Haj et al, U.S. Pat. No. 3,917,624, 1975) 
for 2-aminonicotinic acid gives the title compound. 

EXAMPLE 72 
8-Fluoroindolo[2,l-b] l-azaquinazoline-6, 12-dione 
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Using the procedure in Example 56 and substituting 
5-fluoroisatin for isatin and 3-aminopicolinic acid 
(Hurd, C. D. et aL, /. Org. Chem., 35:1471, 1970) for 
2-aminonicotinic acid gives the title compound. 

EXAMPLE 73 
8-Fluoroindolo[2, l-b]2-azaquinazoline-6, 12-dione 



fluoroisatoic anhydride for 4-fluoroisatoic anhydride 
gives the title compound. 

EXAMPLE 77 
2-Fluoro-9-azaindolo [2, 1 -b]quinazoline-6, 1 2-dione 





(Turner, J. A., J. Org. Chem. 55:4744, 1990) for 2- 20 
aminonicotinic acid gives the title compound. 

EXAMPLE 74 
8-Fluoroindolo[2, l-b]3-azaquinazoline-6, 12-dione 



Using the procedure in Example 36 and substituting 
6-azaisatin (Example 9, J. Parrick et al., Tetrahedron 
Lett. 25:3099, 1984) for 5-fluoroisatin and 5- 
fluoroisatoic anhydride for 4-fluoroisatoic anhydride 
gives the title compound. 

EXAMPLE 78 

2-Fluoro- 1 0-azaindolo [2, 1 -b]quinazoline-6, 1 2-dione 





Using the procedure in Example 56 and substituting 
5-fluoroisatin for isatin and 3-aminoisonicotinic acid 35 
(Turner, J. A., J. Org. Chem. 48:3401, 1983) for 2- 
aminonicotinic acid gives the title compound. 



Using the procedure in Example 36 and substituting 
7-azaisatin (Example 10, J. Parrick et al., /. Chem. Soc. 
Perkin I 2009, 1989) for 5-fluoroisatin and 5- 
fluoroisatoic anhydride for 4-fluoroisatoic anhydride 
gives the title compound. 



EXAMPLE 75 EXAMPLE 79 

2-Fluoro-7-azaindolo [2, l-b]quinazoline-6, 12-dione 40 8-(2-Glucosylaminocarbonyl)indolo[2,l-b]quinazoline- 

6, 12-dione 




"SO 



Using the procedure in Example 36 and substituting 
4-azaisatin (Example 11) for 5-fluoroisatin and 5- 
fluoroisatoic anhydride for 4-fluoroisatoic anhydride 
gives the title compound. 

EXAMPLE 76 
2-Fluoro-8-azaindolo[2,l-b]quinazoline-6,12-dione 





Using the procedure in Example 36 and substituting 
5-azaisatin (Example 8) for 5-fluoroisatin and 5- 



A solution of 8-carboethoxyindolo[2,l-b]quinazoline- 
6, 12-dione (2 mmol, from Example 42) in 3 mL of tri- 

55 methylsilyl iodide (TMSI) is heated to 100° C. for 4 h. 
The reaction mixture is cooled to room temperature, 
diluted with ether, and 3 mL of 0.5N NaOH solution is 
added. The reaction mixture is acidified with 6N HC1 
and extracted with chloroform. The chloroform ex- 

60 tracts are dried, filtered, and concentrated to give 8-car- 
boxyindolop, l-b]quinazoline-6, 12-dione. 

To a solution of 8-carboxyindolo[2,l-b]quinazoline- 
6, 12-dione (1 mmol) in 2 mL of DMF is added carbonyl- 
diimidazole (CD I, 1 mmol). The reaction mixture is 

65 stirred at room temperature for 1 h and a solution of 
D-glucosamine (1 mmol) and dimethylaminopyridine 
(DMAP, 0.1 mmol) in 1 mL of DMF is added. The 
reaction mixture is stirred for an additional 72 h at room 
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temperature and 5 mL of IN HC1 is added. The solution 
is extracted with chloroform and the chloroform ex- 
tracts are washed with saturated NaHCC>3, dried (Na2- 
SO4), concentrated, and purified by silica gel chroma- 
tography to give the title compound. 

EXAMPLE 80 
8-Pyrrolidine amide of 
8-carboxyindolo[2, 1 -b]quinazoline-6, 12-dione 




Using the procedure in Example 79 and substituting 20 
pyrrolidine for D-glucosamine gives the title com- 
pound. 



2-(N-Ethoxycarbony l)amino-8-fluoroindolo [2, 1 - 
b]quinazoline-6,12-dione 
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EXAMPLE 83 
3-Oxazolidinone Derivative of 
8-Fluoroindolo[2,l-b]quinazoline-6, 12-dione 




To a solution of 2-amino-8-fiuoroindolo[2,l- 
b]quinazoline-6, 12-dione (0.1 mmol) and sodium bicar- 
bonate (0.2 mmol) in DMF (1 mM] is added ethyl chlo- 
roformate (excess) and N,N-dimethylaminopyridine 40 
(excess). The reaction mixture is allowed to stir for 24 h 
after which time chloroform is added and the organic 
layer is washed with 0.5N HC1, saturated sodium bicar- 
bonate solution and brine. The organic layer is dried 
(MgSO-O, filtered and the solvent is evaporated. Silica 45 
gel chromatography (1% MeOH/CHCb) gives the title 
compound. 

EXAMPLE 82 
2-Octyl Indolo[2,l-b]4-azaquinazoline-6, 12-dione 50 
8-Carboxylate 



8-Carboethoxyindolo[2, l-b]-4-azaquina2oline-6, 12- 
dione (10 mmol, from Example 4), titanium tetraiso- 
propoxide (10 mmol) and 25 mL of 2-octanol are heated 
at 100° C. while ethanol and isopropanol are distilled. 65 
After 6 h, the reaction is cooled, excess 2-octanol is 
removed under high vac and the product is purified by 
silica gel chromatography using ethyl acetate:hexane. 



A solution of 3,8-difluoroindolo[2,l-b]quinazoline- 
6, 12-dione (0.1 mmol, Example 36), t-butyl carbamate 
(0.11 mmol) and lithium hydride (0.12 mmol) in DMF 
(0.1 mM) is stirred at 70° C. for 12 h. The resulting 
reaction mixture is diluted with chloroform, washed 
with 0.1N HC1, sodium bicarbonate solution, dried 
(MgSCU) and the solvent is evaporated. Silica gel chro- 
matography (1% MeOH/CHCb) gives 3-(N-t-butylox- 
ycarbonylamino)-8-fluoroindolo[2,l-b]quinazoline- 
6, 12-dione. 

A solution of 3-(N-t-butyloxycarbonylamino)-8- 
fluoroindolo[2,l-b]quinazoline-6, 12-dione (0.5 mmol), 
(R)-glycidyl butyrate (0.55 mmol) and lithium hydride 
(0.60 mmol) in DMF is allowed to stir at room tempera- 
ture overnight. The reaction mixture is diluted with 
CHCb, washed with 0.1N HC1, sodium bicarbonate 
solution, dried (MgS04) and the solvent is evaporated. 
Silica gel chromatography ( 1 % MeOH/ CHCI3) gives 
3-(5-hydroxymethyloxazolidin-3-yl)-8-fluoroindolo[2, 1 - 
b]quinazoline-6, 1 2-dione. 

A solution of 3-(5-hydroxymethyloxazolidin-3-yl)-8- 
fluoroindolo[2,l-b]-quinazoline-6,12-dione (0.1 mmol), 
tosyl chloride (0.12 mmol) and triethylamine (0.2 mmol) 
in dry DMF is allowed to stir at room temperature 
overnight. The reaction mixture is diluted with CHCI3, 
washed with 0.1N HC1, sodium bicarbonate solution, 
dried (MgSCU) and the solvent is evaporated to give 
3-(5-tosyloxymethyloxazolidm-3-yl)-8-fluoroindolo[2,l- 
b]quinazoline-6, 1 2-dione. 

To a solution of 3-(5-tosyloxymethyloxazolidin-3-yl)- 
8-fiuoroindolo[2,l-b]-quinazoline-6,12-dione (0.2 mmol) 
in DMF is added sodium azide (0.21 mmol). The reac- 
tion mixture is allowed to stir for 18 h at room tempera- 
ture after which time CHCI3 is added and the organic 
layer is washed with water, dried (MgSCU) and the 
solvent is evaporated. Silica gel chromatography (1% 
MeOH/CHCb) gives 3-(5-azidomethyloxazolidin-3-yl)- 
8-fluoroindolo[2,l-b]quinazoline-6, 12-dione. 

A solution of 3-(5-azidomethyloxazolidin-3-yl)-8- 
fluoroindolo[2,l-b]-quinazoline-6,12-dione (0.05 mmol) 
and Pd/C (10%) in acetic anhydride (0.1 mM) is al- 
lowed to stir ait room temperature under a hydrogen 
atmosphere for : T2 h. The volatiles are evaporated, 
CHCI3 is added: and the organic layer is washed with 
0.1N HC1, sodium bicarbonate and brine. The solvent is 
then evaporated and silica gel chromatography (1% 
MeOH/CHCb) gives the title compound. 
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EXAMPLE 84 
2-Oxazolidinone Derivative of 
8-fluoroindolo[2, l-b]quinazoline-6, 12-dione 



EXAMPLE 87 
2-Quinolinecarboxamide of 
2-Amino-8-fluoro-indolo[2, l-b]quinazoline-6, 12-dione 




Using the procedure in Example 81 and substituting 
quinoxaloyl chloride for ethyl chloroformate gives the 
j title compound. 

EXAMPLE 88 
Dodecacarboxamide of 
8-Fluoroindolo[2, 1 -b]quinazoline-6, 1 2-dione 



Using the procedure in Example 83 and substituting 
2-(N-t-butyl-oxycarbonylamino)-8-fluoroindolo[2,l- 
b]quinazoline-6, 12-dione for 2-(N-ethoxy-car- 30 
bonylamino)-8-fluoroindolo[2, l-b]quinazoline-6, 12- 
dione (Example 81) gives the title compound. 




EXAMPLE 85 
3-(R)-Cycloserinyl-8-fluoroindolo[2,l- 
6, 12-dione 




Using the procedure in Example 81 and substituting 
35 lauroyl chloride for ethyl chloroformate gives the title 
compound. 

EXAMPLE 89 
9-piperazinylindolo[2,l-b]quinazoline-6, 12-dione . 



Using the procedure in Example 47 and substituting 
(R)-cycloserine for N-methylpiperazine gives the title 50 
compound. 

EXAMPLE 86 
Benzoic Amide of 
2-amino-8-fl'uoroindolo[2,l-b]quinazoline-6,12-dione 





Using the procedure in Example 81 and substituting 
benzoyl chloride for ethyl chloroformate gives the title 
compound. 



i To a solution of 9-(4-t-butyloxycarbonylpiperazinyl- 
)indolo[2,l-b]quinazoline-6,12-dione (Example 52, 40 
mg, 925 u.mol) in 1 mL of methylene chloride was 
added 1 mL of trifluoroacetic acid (TFA). After 30 min, 
saturated sodium bicarbonate was added. The aqueous 
) layer was separated and extracted with 3 X 50 mL of 
chloroform, dried over anhydrous sodium sulfate, fil- 
tered and solvent removed in vacuo to give 37 mg of 
crude product. Silica gel chromatorgraphy using (95:5) 
methylene chloride:methanol as eluent gave 24 mg 
5 (77%) of the title compound: mp 214° C. (dec); >H 
NMR(DMSO-d 6 ) 8 2.5 (s, 4H), 3.5 (s, 4H), 6.88-6.94 
(dd, 1H), 7.62-7.66 (d, IH), 7.68-7.75 (m, JH), 7.90-7.94 
(m, 2H), 7.95-7.98 (m, 1H), 8.26-8.31 (d, 1H). 
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EXAMPLE 90 
Orotic Acid analog 
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EXAMPLE 93 
3-Benzylimidazole analog 




Using the procedure in Example 56, and substituting 
5-aminoorotic acid for 2-aminonicotinic acid and 5- 
fluoroisatin for isatin gave 1.1 g (73%) of the title com- 
pound: mp >400" C; l H NMR(DMSO-d 6 ) S 7.70-7.87 2 
(m, 2H), 8.38-8.45 (m, 1H), 11.9 (s, 2H); MS (M+H)+ 
301. 

EXAMPLE 91 




EXAMPLE 92 
1-Phenyl-pyrazole analog 





Using the procedure in Example 69 and substituting 
ethyl 5-amino- l-benzylimidazole-4-carboxylate 

(Mackenzie, G. et al, /. Chem. Soc, Perkin Trans. 72544, 
1988) for methyl 3-amino-5,6-dichloro-2-pyrazinecar- 
boxylate gives the title compound. 

EXAMPLE 94 
Thiazole analog 




Using the procedure in Example55 and substituting 
> ethyl 5-amino-2-(methylthio)thiazol-4-carboxylate 
(Wamhoff, H. et al, Synthesis 107, 1993) for methyl 
3-amino-2-thiophenecarboxylate gives the title com- 
pound. 



Using the procedure in Example 56, and substituting 40 
5-fluoroisatin for isatin and 3-amino-4-pyrazolecarboxy- 
lic acid for 2-aminonicotinic acid gives the title com- 
pound. • 
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Using the procedure in Example 69 and substituting 
ethyl 5-amino- l-phenyl-4-pyrazolecarboxylate for 3- 65 
amino-5,6-dichloro-2-pyrazinecarboxylate, gives the 
title compound. 



Using the procedure in Example 69 and substituting 
ethyl 4-amino-2-(methylthio)thiazol-5-carboxylate 
(Wamhoff, H et al, Synthesis 107, 1993) for methyl 3- 
. amino-5,6-dichloro-2-pyrazinecarboxylate gives the 
title compound. 

EXAMPLE 96 
In Vitro Inhibition of Mycobacteria 
) The Proportion Method protocols described by the 
National Committee for Clinical Laboratory Standards 
(1990) and Inderlied (1991), see; Inderlied, C. B. (1991) 
as modified below were used to analyze the inhibitory 
effect of compounds of the invention on Mycobacterium 
tuberculosis. For specific methods of in vitro susceptibil- 
ity testing, spectrums of activity, mechanisms of action 
and resistance, and assays for activity in biological flu- 
ids, see Antibiotics in Laboratory Medicine, Third Edi- 
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tion, edited by Victor Lorian, Williams and Wilkins, 
Baltimore, pp. 135-197; Jacobs, W. R. et al., "Genetic 
Systems for Mycobacteria," Methods in Enzymology, 
'204:537, 1991; and National Committee for Clinical 
Laboratory Standards (1990), Antimycobacterial sus- 5 
ceptibility testing, Proposed standard M24-P, NCCLS, 
Villanova, Pa. 

Preparation of Agar Plates: Middlebrook 7H10 agar 
medium (Difco) was prepared from a dehydrated base 
as recommended by the manufacturer. After autoclav- 10 
ing, the agar was allowed to cool to 50°-55" C. before 
adding filter-sterilized ADC enrichment (Jacobs et al., 
1991). Test compounds prepared in accordance with 
the foregoing Examples, as listed by Example number in 
the following Table 1, and reference antibiotics (cur- 15 
rently isoniazid) were resuspended in DMSO or sterile 
distilled water to obtain stocks ranging from 1 to 10 
g/ml and were incorporated into the agar medium at 
appropriate concentrations. Approximately 5 mL of 
agar was dispensed into labeled quadrants of a series Of 20 
sterile Petri dishes with one quadrant containing drug- 
free 7H10 medium. Plates were maintained' at room 
temperature overnight. 

Preparation of M. tuberculosis Inoculum: M. tubercu- 
losis 10038 (Public Health Research Institute, New 25 
York, N.Y.) is a multidrug-resistant strain which has 
been shown to be 100% resistant to the front line an- 
tituberculosis agents isoniazid, rifampin, ethambutol 
and streptomycin, 90% resistant to kannamycin and 
85% resistant to ethionamide. M. tuberculosis H37Rv 30 
(ATCC No. 27294) is- a conventional drug sensitive 
strain. Colonies of M. tuberculosis H37Rv and M. tuber- 
culosis 10038 were scraped from solid medium and 
transferred to a tube containing sterile saline. Contents ^ 
of the tube were thoroughly homogenized using a vor- 
tex mixer and then allowed to stand for 30 minutes to 
allow particles and clumps to settle. The supernatant 
suspension was withdrawn and adjusted (visually or 
using a Klett-Summerson instrument) to a turbidity 
equivalent to a McFarland No. 1 standard. Cultures 
adjusted in this manner contained approximately 10 7 
colony forming units/mL. 

Inoculation and Incubation of Plates: 10~ 2 and 10 -4 
dilutions of the standard M. tuberculosis suspension ^ 
were prepared in sterile saline solution, 100 /ri of which 
was inoculated onto each agar quadrant of two identical 
Petri dishes. After the inoculum dried, plates were 
sealed in polyethylene bags and transferred to a 37° C. 
incubator in an atmosphere of 5% carbon dioxide. 5Q 
Plates were examined each week for a period of four 
weeks. The lowest inhibitory concentration tested of 
the compounds tested is shown in Table 1, below, after 
three week incubation. 

The in vitro inhibition of Mycobacterium smegmatis as 55 
shown in Table 1 was determined by the method of L. 
Mitscher et al., J. Natural Products 35:157, 1972. 
TABLE 1 

Lowest Inhibitory Concentration Qig/mL) of 

IndoIo[2,l-b]quinazoline-6,12-dione 60 
Compounds Against Mycobacteria 
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TABLE 1 -continued 



Lowest Inhibitory Concentration (u.g/mL) of 
IndoIo[2, l-b]quinazoline-6, 12-dione 
Compounds Against Mycobacteria 



While the preferred embodiments of the invention 
have been illustrated and described, it will be appreci- 
ated that various changes can be made therein without 
departing from the spirit and scope of the invention. 

The embodiments of the invention in which an exclu- 
sive property or privilege is claimed are defined as 
follows: 

1. A compound of the formula: 




wherein A, B, C, D, E, F, G and H are independently 
selected from carbon and nitrogen, or A and B or C 
and D can be taken together to be nitrogen or 
sulfur, with the proviso that at least one of A, B, C, 
D, E, F, G and H must be other than carbon; 

wherein Ri through R4, Rs and Rio are independently 
selected from the group consisting of hydrogen, 
halogen, loweralkyl, cycloalkyl, heterocycle, sub- 
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stituted heterocycle, amino, imino, haloloweralkyl, 
alkoxy, nitro, alkylsulfony], arylalkyl, arylalkyla- 
ryl, arylaryl, aryloxy, arylamino, acylamino, acy- 
loxyamino, alkylaminoacylamino, alkylaminosul- 
fonylamino, alkylamino, alkenylamino, dialkyl- ! 
amino, alkoxyalkylamino, mercaptoalkoxyalkyl, 
cyano, formyl, — COORn where Rn is hydrogen, 
loweralkyl, aryl, heterocycle, monosaccharide or 
disaccharide, and — COONR12R13 where Rn and 
R13 are independently selected from hydrogen, ' 
loweralkyl, aryl, heterocycle, saccharide, peptide 
and amino acid residues; 
R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, haloloweralkyl, cycloalkyl, 
heterocycle, substituted heterocycle and heterocy- 1 
clicalkyl; 

or Ri through Rio are absent when the ring atom to 
which they would otherwise be bonded is sulfur or 
double-bonded nitrogen; 2 

and the pharmaceutically acceptable salts thereof. 
. 2. A compound of claim 1 wherein D is N and R4 is 



3. A compound of claim 2 wherein Ri through R3, 
Rs and Rio are independently selected from the group 25 
consisting of hydrogen, loweralkyl, heterocycle, substi- 
tuted heterocycle, amino, halogen, nitro, alkylamino, 
dialkylamino, and alkoxyalkylamino; 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, cycloalkyl, heterocycle, sub- 30 
stituted heterocycle and heterocyclicalkyl; 

or a pharmaceutically acceptable salt thereof. 

4. A compound of the formula (III): 

(III) 35 



R7 and R9 are independently selected from hydrogen 
and halogen; 

and the pharmaceutically acceptable salts thereof. 

6. A compound of claim 5 wherein R7 and R9 are 
hydrogen. 

7. A compound of claim 5 wherein at least one of R2, 
R3, Rs and Rio is selected from the group consisting of 
halogen, loweralkyl, heterocycle, and substituted het- 
erocycle. 

8. A method of inhibiting the growth of pathogenic 
mycobacterium comprising contacting the mycobacte- 
rium with a growth inhibitory amount of an indolo[2,l- 
b]quinazoline-6,12-dione compound of the formula (I): 

(I) 





wherein Ri through R3, Rs and Rio are independently 
selected from the group consisting of hydrogen, 45 
loweralkyl, heterocycle, substituted heterocycle, 
amino, halogen, nitro, alkylamino, dialkylamino, 
alkoxyalkylamino, and alkylheterocycle; 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, cycloalkyl, heterocycle, sub- 
stituted heterocycle and heterocyclicalkyl; 

and the pharmaceutically acceptable salts thereof. 

5. A compound of the formula (IV): 




wherein A, B, C, D, E, F, G and H are independently 
selected from carbon and nitrogen, or A and B or C 
and D can be taken together to be nitrogen or 
sulfur, with the proviso that not more than three of 
A, B, C, D, E, F, G and H are other than carbon; 

Rl through R4, Rs and Rio are independently selected 
from the group consisting of hydrogen, halogen, 
loweralkyl, cycloalkyl heterocycle, substituted 
heterocycle, amino, imino, haloloweralkyl, alkoxy, 
nitro, alkylsulfonyl, arylalkyl, arylalkylaryl, aryla- 
ryl, aryloxy, arylamino, acylamino, acyloxyamino, 
alkylaminoacylamino, alkylaminosulfonylamino, 
alkylamino, alkenylamino, dialkylamino, alkox- 
yalkylamino, alkoxyalkylheterocycle, mercap- 
toalkoxyalkyl, cyano, formyl, —COORn where 
Rli is hydrogen, loweralkyl, aryl, heterocycle, 
monosaccharide or disaccharide, and 
— COONR12R13 where R12 and R13 are indepen- 
dently selected from hydrogen, ldweralkyl, aryl, 
heterocycle, saccharide, peptide and amino acid 
residues; and 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, haloloweralkyl, cycloalkyl, 
heterocycle, substituted heterocycle and heterocy- 
clicalkyl; 

or R/ through Rio are absent when the ring atom to 
which they would otherwise be bonded is sulfur or 
double-bonded nitrogen; 
or a pharmaceutically acceptable salt thereof. 
9. The method of claim 8 wherein the indolo[2,l- 
b]quinazoline-6,12-dione is a compound of the formula 
(II): 

(II) 



wherein R2, R3, Ra and Rio are independently se- 65 
lected from the group consisting of hydrogen, 
halogen, loweralkyl, heterocycle, and substituted 
heterocycle; 




wherein D is carbon or nitrogen; 
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Rl through R4, Rs and Rio are independently selected 
from the group consisting of hydrogen, loweralkyl, 
heterocycle, substituted heterocycle, amino, halo- 
gen, nitro, alkylamino, dialkylamino, alkoxyalk- 
ylamino, and alkylheterocycle, provided that R4 is 5 
absent when D is N; and 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, cycloalkyl, heterocycle, sub- 
stituted heterocycle and heterocyclicalkyl; 

or a pharmaceutically acceptable salt thereof. 10 

10. The method of claim 8 wherein the indolo[2,l- 
b]quinazoline-6,12-dione is a compound of the formula 
(HI): 



R<> . an) 15 



Rl O 

X X a 

R3 N N 




wherein Ri through R3, Rsand Rio are independently 
selected from the group consisting of hydrogen, 25 
loweralkyl, heterocycle, substituted heterocycle, 
amino, halogen, nitro, alkylamino, dialkylamino, 
alkoxyalkylamino, and alkylheterocycle; 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, cycloalkyl, heterocycle, sub- 30 
stituted heterocycle and heterocyclicalkyl; 

or a pharmaceutically acceptable salt thereof. 

11. The method of claim 8 wherein the pathogenic 
mycobacterium is selected from the group consisting of 
Mycobacteria tuberculosis, Mycobacteria leprae, and My- 35 
cobacteria avium complex. 

12. The method of claim 11 wherein the pathogenic 
mycobacterium is Mycobacteria tuberculosis. 

13. The method of claim 12 wherein the pathogenic 
mycobacterium is a multidrug-resistant strain of Myco- 40 
bacteria tuberculosis. 

14. A method of treating a human or animal subject 
suffering from an infection by pathogenic mycobacteria 
comprising administering to the subject a therapeuti- 
cally effective amount of a indolo[2,l-b]quinazoline- 45 
6,12-dione compound of formula (I): 
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alkylaminoacylamino, alkylaminosulfonylamino, 
alkylamino, alkenylamino, dialkylamino, alkox- 
yalkylamino, alkoxyalkylheterocycle, mercap- 
toalkoxyalkyl, cyano, formyl, — COORn where 
Ru is hydrogen, loweralkyl, aryl, heterocycle, 
monosaccharide or disaccharide, and 
— COONR12R13 where R12 and R13 are indepen- 
dently selected from hydrogen, loweralkyl, aryl, 
heterocycle, saccharide, peptide and amino acid 
residues; and 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, haloloweralkyl, cycloalkyl, 
heterocycle, substituted heterocycle and heterocy- 
clicalkyl; 

or Ri through Rio are absent when the ring atom to 
which they would otherwise be bonded is sulfur or 
double-bonded nitrogen; 

or a pharmaceutically acceptable salt thereof; 

alone or together with a pharmaceutically acceptable 
carrier. 

15. The method of claim 14 wherein the indolo[2,l- 
b]quinazoline-6,12-dione is a compound of the formula 
(II): 



Rio R9 
3 / \ 



(II) 



CD 



Rs D N ^£ 



■ wherein D is carbon or nitrogen; 

Rl through R4, R 5 and Rio are independently selected 
from the group consisting of hydrogen, loweralkyl, 
heterocycle, substituted heterocycle, amino, halo- 
gen, nitro, alkylamino, dialkylamino, alkoxyalk- 
ylamino, and alkylheterocycle, provided that R4 is 
absent when D is N; and 

R7 and R9 are independently selected from hydrogen, 
halogen, loweralkyl, cycloalkyl, heterocycle, sub- 
stituted heterocycle and heterocyclicalkyl; 

or a pharmaceutically acceptable salt thereof. . 

16. The method of claim 14 wherein the indolo[2,l- 
b]quinazoline-6,12-dione is a compound of the formula 

an): 



R 3 ^ N ^ R7 



wherein A, B, C, D, E, F, G and H are independently 
selected from carbon and nitrogen, or A and B or C 
and D can be taken together to be nitrogen or 60 
sulfur, with the proviso that not more than three of 
A, B, C, D, E, F, G and H are other than carbon; 

Rl through R4, Rsand Rio are independently selected 
from the group consisting of hydrogen, halogen, 
loweralkyl, cycloalkyl, heterocycle, substituted 65 
heterocycle, amino, imino, haloloweralkyl, alkoxy, 
nitro, alkylsulfonyl, arylalkyl, arylalkylaryl, aryla- 
ryl, aryloxy, arylamino, acylamino, acyloxyamino, 




wherein Ri through R3, Rg and Rio are independently 
selected from the group consisting of hydrogen, 
loweralkyl, . heterocycle, substituted heterocycle, 
amino, halogen, nitro, alkylamino, dialkylamino, 
alkoxyalkylamino, and alkylheterocycle; and 

R7and R.9are independently selected from hydrogen, 
halogen, loweralkyl, cycloalkyl, heterocycle, sub- 
stituted heterocycle and heterocyclicalkyl; 

or a pharmaceutically acceptable salt thereof. 
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17. The method of claim 14 wherein the human or 
animal subject is suffering from infection by pathogenic 
mycobacteria selected from the group consisting of 
Mycobacteria tuberculosis, Mycobacteria leprae, and My- 
cobacteria avium complex. 
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18. The method of claim 17 wherein the pathogenic 
mycobacterium is Mycobacteria tuberculosis. 

19. The method of claim 17 wherein the pathogenic 
mycobacterium is a multidrug-resistant strain of Myco- 
bacteria tuberculosis. 
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